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1 INTRODUCTION

ABSTRACT

The variability of broad absorption lines is investigatedd sample of 188 broad-absorption-
line (BAL) quasars (QSOs)(> 1.7) with at least two-epoch observations from the Sloan
Digital Sky Survey Data Release 7 (SDSS DRY7), covering a-8oade of about 0.001 — 3
years in the rest frame. Considering only the longest tinededbetween epochs for each QSO,
73 variable regions in the & BAL troughs are detected for 43 BAL QSOs. The proportion
of BAL QSOs showing variable regions increases with longeetinterval than about 1 year
in the rest frame. The velocity width of variable regions &now compared to the BAL-
trough outflow velocity. For 43 BAL QSOs with variable reg®iit is found that there is a
medium strong correlation between the variation of the iconim luminosity at 150@ and
the variation of the spectral index. With respect to theltb8&38 QSOs, larger proportion of
BAL QSOs with variable regions appears bluer during theighter phases, which implies
that the origin of BAL variable regions is related to the cahaccretion process. For 43 BAL
QSOs with variable regions, it is possible that there is aatieg medium strong correlation
between the absolute variation of the equivalent width aedMgii -based black hole mass,
and a medium strong correlation between the maximum outfllacity of variable regions
and the Eddington ratio. These results imply the conneti@ween the BAL-trough variation
and the central accretion process.
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nucleus (AGN), the expulsion of gas and dust by galaxy ¢olis
possibly causes the BAL outflows. It was supported by no &orre

Broad absorption line quasars (BAL QSOs) exhibit broad ghso
tion troughs for high-ionization ultraviolet (UV) lines clu as Si
Iv 1399, Civ 1549, Cin] 1909 (known as HiBAL), or/and low-
ionization UV lines such as Mg 2799 (known as LoBAL). BAL
QSOs were usually identified from their UV spectra by the igaln
ity index (BI), considering different BAL outflow velocityral/or

BAL velocity width (e.g/ Weymann et 4l. 1991; Trump ellal. OO

tions exist between outflow properties and orientationhasthe
similar range of viewing angles for radio-loud BALs and @&tbud

non-BALs (e.gl_Fine et al. 2011; Bruni etlal. 2012).

The disk wind in BAL QSOs is believed to come from the
central supermassive black hole (SMBH) accretion disc,Béid
region often lies outside the BLR region (€.g. Proga Et a020

(Gibson et all 2009; He etlal. 2014). BAL troughs are present in IMurray et al.| 1995[ Filiz Ak et al. 2013). There exists an empi

about 10-40% of QSOs (elg. Gibson et al. 2009; Allen &t al1p01
BAL troughs in QSOs are thought to be the strongest ob-
served signature of QSO win012). One explanatio
for BALs is an orientation-dependent effect, where QSOsapp
as BAL QSOs when the disk wind is on the line of sight (e.g.
Murray et all 1995; Elvis 2002). The requirement that déteaif a
wind should be orientation-dependent is very similar todhse of
other structures in QSOs, such as the broad-line region JBL et
(e.g. Urry & Padovani 1995). Another explanation for BALSirS
orientation-independent evolution effect (

Zubovas & King 2013). As an evolutionary stage of active gmia

* E-mail: whbian@njnu.edu.cn
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ical relation between the BLR size and the continuum luminos
ity in AGN/QSOs (e.gl_Kaspi et al. 2005; Bentz etlal. 2009) Fo
the BAL region outside of BLR region, larger luminosity wdul
lead to larger size, smaller orbital velocity of the BAL reqs.
It would lead the properties/variability of BAL outflows as a
function of luminosity. The wind dependence on the properti
of QSOs has been discussed by many authors, suggesting the
connection between the outflow and the accretion procegs (e.
Laor & Brandt| 2002} Ganguly et al. 2007; Baskin & Lldor 2013;
.m4). It was found that the maximum outflow velocity
increases with both the bolometric luminosity and the béssn
of the spectral slope, suggesting the idea of radiatioasune-
driven outflows 1 2002; Ganguly ef al. 2007). At

the same time, BAL-troughs often vary over rest-frame time-
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scales of days to years, which can provide clues to the oafjin
BAL QSOs (e.gl Gibson et El. 2008; Capellupo et al. 2011, 2012
[2013] Filiz Ak et all 2014, 2013; Grier etlal, 2015), Capetiw al.
(2011 3) investigated BAL variability for 24 QS@ith
long time-scales and multiple epochs. They found that ity
typically occurs only in portions of the BAL troughs; the com
ponents at higher outflow velocities are more likely to vargrt
those at lower velocities and weaker BALs are more likelyaov
than stronger BALs; both the incidence and the amplitudeaaf v
ability are greater across longer time-scales. With a sammfp291
BAL QSOs from SDSS-I/II/II1_Filiz Ak et al.[(2013) investiged
BAL variations as a function of QSOs properties and did nat fin
significant evidence for correlations between BAL varidypiand
luminosity/Eddington ratio/SMBH mass. For 1@ 1549 troughs
on moderate time-scales (1-2.5 yrs), they suggested peszib
relations between BAL variability and luminosity/Eddingt ra-
tio. [Filiz Ak et all (2018) used Qv emission line to calculate the
SMBH mass and the Eddington ratio, which have larger ssatter
and bias compared to that by other emission lines such3ashity

.

For some samples of QSOs, it has been shown that spectra

of QSOs at low redshifts are bluer during their brighter jgisa®.g.
[2012]Bian et dl. 2012a). The trend of bluer spectra duriighber
phases is usually explained by the accretion variationiriguhe
brighter phase, the accretion disk becomes hotter and iss&Em
peak would move to shorter wavelengths (big blue bump), whic
would also lead to larger variance in the blue spectrum. Hewe
other contributions may mingle in this kind of investigatjsuch
as the contribution of UV/optical Fa , Balmer continuum, jet,
and the host, as well as the complex of accretion disk modigh W
two-epoch variation, it was found that the spectra of halthef
QSOs appear redder during their brighter ph;
Guo & Gul2014).

The feature of variable regions in BAL-trough were investi-
gated by some authors (€.g. Gibson ét al. 2008: Filiz Ak (&Cil2,
). Using a sample of 13 BAL QSOs with two-epoch spectra
covering 3-6 years in the rest frarmmboomtiﬁed
the variable regions in BAL-trough and investigated théatarm of
C Iv BAL-trough between the Large Bright Quasar Survey (LBQS;

| 1995) and the Sloan Digital Sky Survey (SDSSthW
SDSS/Baryon Oscillation Spectroscopic Survey (BOSS), axeh
investigated the relation between the wind and QSO pragseftir
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Figure 1. Top: the S/N at r-band versus the redshift. Bottom: the comtin
luminosity at 13504 (L1350, in units of erg s ) versus the MJD. The
black stars denote 480 BAL QSOs with at least two-epoch spéaim
SDSS DRY. The blue circles denote 188 BAL QSOs with longest-tcale
two-epoch spectra with S/N(t} 10 and z-1.7.

tory in New Mexico. The SDSS spectra were obtained through 3”
fibers. For the SDSS DR7 spectra, the observational wavileng
coverage is from 3808 to 92004, and the spectral resolution is
1850 — 2200. With SDSS DR7._Shen etlal. (2011) gave a compi-
lation of properties 0fl 05783 QSOs. With the modified balnicity

a single BAL QSO with 18 epochs observations covering about 3 indexBI, (0 km s~ as a minimum detection limit for the outflow
years in the rest framé_(He ef bl. 2014). Here, we present a sam velocity range), there are 6214 BAL QSOs identified in théSS

ple of 188 BAL QSOs with at least two-epoch observation from

DR7 sample. It is found that there are 1080 spectra of 480 C

SDSS Data Release 7 (DR7). This sample is used to investigateBAL QSOs with at least two-epoch observations. In order &mid

the feature of the BAL-trough variable regions, the vatigbof
UV spectral index and the BAL-trough equivalent width (E\&3,
well as the relation with the central accretion properti@sction

2 presents the sample. Section 3 gives the spectral anaBesis
tion 4 contains our results and discussion. A summery isngine
the last section. Throughout this work, we use a cosmolodig wi
Ho = 70km s *Mpc™t, Qa = 0.3, andQ, = 0.7.

2 THE SAMPLE OF C 1v BAL QSOS WITH TWO-EPOCH
OBSERVATIONS FROM THE SDSS DR7

The SDSS DR70) contains imaging of almost
11663deg? and spectra for roughl§3 x 10* galaxies and 2 x 10*

tify the variable regions in @/ BAL troughs, we select BAL QSOs
with SDSS spectral signal-to-noise ratio (S/N) at r bangdathan

10, and redshift more than 1.7. Itis consist of 188/BAL QSOs
with 428 SDSS spectra. For each QSO with more than two epochs,
we consider only the longest time-scale between two epdahs.
Fig.[, we give the S/N versus the redshift, and the lumigcesit
13508 (L13s0) versus the spectral MJD values. The stars denote
480 C1v BAL QSOs with at least two-epoch observations, and
the blue circles denote our 1881 BAL QSOs with longest two-
epoch SDSS spectra with S/N(¥) 10 and z-1.7. In Fig.[d, for

our sample of 188 BAL QSOs, the redshift distribution is bedw

1.7 and about 3.9, the S/N distribution is between 10 andtaifu
Considering the problem of spectrophotometric flux catibrafor
BOSS in SDSS lll, we just use the spectra from SDSS DR7 (e.g.

QSOs, observed by 2.5 m telescope at the Apache Point ObservalParis et all 2014; Margala etlal. 2015). Our sample is diffete

(© 0000 RAS, MNRASDOG, 000-000
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Figure 2. An example of the power-law continuum fit. Top: the extingtio
corrected rest-frame spectrum is shown as the black line gféen dots are
the initial continuum windows. The blue line is the powesleontinuum.
Bottom: the residual spectrum.
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Figure 3. An example of the Qv BAL-trough variable regions. Top: two-
epoch spectra as well as their continuums. Middle: theimatized spectra
and the variable regions in @ BAL troughs (cyan shaded regions). Bot-
tom: the N, versus the wavelength. Variable regions of @v BAL troughs
are identified to be where an absorption feature is detecitbd| Vo | > 1
for at least five consecutive data points/3(4rvide).

that byl Filiz Ak et al.[(20113), who used two-epoch spectrarfibe
SDSS and the BOSS respectively.

3 SPECTRAL ANALYSIS
3.1 Fitting the spectral continuum

In order to characterize the spectral variation of BAL QS@d a
the variable regions in the @ BAL troughs, we fit the continuum
spectrum by a power-law function iteratively (He eff al. 2Dl
the SDSS spectra are corrected for Galactic extinctionnaiseg)
the extinction curve of Cardelli etial. (1989) (IR band; UVhbx
and O’'Donnell[(1994) (optical band) withy = 3.1. The Ay val-
ues of these SDSS BAL QSOs are derived from$pecPhotoAll
table in SDSS. All spectra are then corrected to the resteramd
rebinned to a uniform grid withA wide. It is popularly accepted

(© 0000 RAS, MNRASD0Q, 000—-000
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that we can use one power-law functign oc A® (f, oc v~ (31))
to fit the QSO continuum. Some authors also used two power-law
functions to model the QSO continuum (200
IShang et 2ll_2005). For BAL QSOs, a polynomial function or a
reddened power law was also used to fit the continuum in previ-
ous studies (Lundaren etlal. 2007; Gibson €&t al. 2008, 2609k,
we use one power-law functiorfy = f2000(A/2000)¢, to fit
the continuum spectra of BAL QSOs_(Hu ef al. 2008; He bt al.
). The power-law continuum is fit iteratively in the "con
tinuum windows”, which are known to be relatively free from
strong emission lines. Our adopted continuum windows ag®-12
1330, 1685-1715, 1970-201A in the rest frame (Figl12, e.g.
[Forster et gll_2001; Vanden Berk et al. 2001; Gibson lét al§200
Bian et all 20124; Baskin & Ldor 2d13). The fitis achieved byg-mi
imizing x? iteratively. At each iteration, we neglect any spectral
bins that deviate by more th&a from the previous continuum fit.
This iterative method would automatically adjust the fitiwin-
dow, excluding spectral regions that contain broad emissiab-
sorption features, especially for BAL QSOs.

For the power-law continuuny,x = f2000(A/2000)<, the er-
ror of the power-law continuum by error propagation is ckdted

as follows M@A):

5(f60n) = fA\/<76(f2000)

f2000
where the errorsi( f2000) @anddc) are given in the power-law fit-
ting. The total Qv BAL-trough EW is calculated as follows:

2
> + (In X — In2000)20a2. 1)

EW = / [1- Jobo (A ]d)\. 2
fcon

The integration is mtegrated from the totallC BAL-trough for

Jobw(X) < feon(X). And the error for the Gv BAL EW is mea-

sured as follows:
2 2 2
fob/u 5(fob/u) 5(f60”)

O(EW) = —— — ) + | = (3
( ) ; (fcon fobv fcon ( )

whered ( fob,) at A is the flux error for the SDSS spectrum.
With the continuum fit, we can obtain the spectral indethe
continuum luminosity at 1508, and the total Qv BAL EW, as

well as their errors. These results are listed in Table 2.xsmgle
of the continuum fit and the residual is shown in [Elg. 1.

3.2 Measuring the variable regions in Civ BAL troughs

In the Civ BAL tough for each QSO, it is possible to have some
variable regions. To identify the variable regions in thev@BAL-
trough, we compare two-epoch spectra for BAL QSOs, meagurin
the flux deviation between two observations at each wavéidng

the following equation (Filiz Ak et 3):
h—f
A /U1 + 0'2

wheref; and f; are the normalized flux based on the fitting power-
law continuum and; ando are the normalized flux error at wave-
length\. Bothoy andos include observational flux errors and un-
certainties on the continuum model. Simila to Gibson 5{28108),
variable regions of BAL troughs are identified to be where lan a
sorption feature is detected witlV,| > 1 for at least five consec-
utive data points (43\ wide). This requirement allows detection of
variable regions wider than 774 km 5. It is slightly smaller than

N, (\) = (4)
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that byl Gibson et al[ (20D8), and larger than thak by Filiz Aklk

m). For the number of data points to be lager than 5, tpe si
nificance of variations would be- 99.9%. 73 variable regions
in the CIv BAL troughs are identified from two-epoch different
spectra in 43 BAL QSOs. For the sample of 188 BAL QSOs, there
are about 23% (43/188) BAL QSOs showing variable regionsfro
two-epoch spectra. Fif] 3 gives an example of identified tard- v
able regions in Qv BAL trough.

For each spectrum, we calculate EW and its error for each C
IV BAL variable region (see above Hd. 2, 4. 3). Then, we derive
the EW variance for each @ BAL variable region for each QSO.
The sum of the EW variance for all variable regions in a QSO is
adopted as its total EW variancAEW. The error of AEW is
calculated based on the error propagation from errors of &\Vlf
variable regions. For each variable region imBAL troughs, the
velocity width and the center outflow velocity are also chdted,
as well as the maximum outflow velocity, .. of variable regions.
The velocity width is calculated from the left and right bdany of
the variable region. In Tablg] 3, we list the totaF WV, the left and
right boundary of the variable region for these 43 BAL QSOs.

4 RESULTS AND DISCUSSION

4.1 Features of the variable regions: velocity width, outflas
velocity, variation proportion

With the above criterion of at least five consecutive datantgoi
larger thanlo, 73 variable regions in the G/ BAL troughs are
identified from 43 two-epoch different spectra. Hijj. 4 shdis
tograms of their velocity width and their center outflow @ty
(Table [3). BAL-troughs variation tends to occur on smalbeitly
width. Even the largest variation widths (6500 km' are narrow
compared to BAL-trough outflow velocity (bottom panel of Fy.
The number of the Qv BAL variable regions decreases with the
increase of the velocity width of the variable regions. Ehesults
are consistent with that EOOS).

From the bottom panel of Figl 4, variable regions are found
across a wide range of central outflow velocities, and the-num
ber of variable regions appears to peak in the range betw@eh 5
and 21000 km s' . ConsideringBI, used by Shen et hl. (2011),
0km s~ ! is adopted as a minimum detection limit for BAL-trough.
We do not consider contaminations fromi€ 1549, Siiv 1399
emission lines at small outflow velocities and large outfl@log-
ities, respectively. It could explain decrease of numbevrasfable
regions at small outflow velocities and at large outflow vitles in
the bottom panel in Fig]4.

In Fig.[3, we give the distribution of the time-interval be-
tween epochs for total 188 BAL QSOs (top panel), as well as the
time-interval histogram for 43 BAL QSOs showing variable re
gions (middle panel). It covers a time-interval of about0d.6- 3
years in the rest frame. The bottom panel in Eig. 5 is the numbe
ratio of the middle panel to the top panel, i.e., the proportf
BAL QSOs showing variable regions versus the time-intertas
clear that the proportion of BAL QSOs showing variable regim-
creases with the time-interval, rising to 50% when the tinterval
is longer than about 1 year in the rest frame. This resultsgave
good reason to consider only the longest time-intervaltsalgairs
for each QSO. Larger proportion of BAL trough showing valéab
region across longer time-interval is consistent with tbguft by

[Capellupo et &l! (2013).
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Figure 4. Histograms for the 73 identified variableIC BAL regions. Top:
the distribution of the velocity width of the variable reg® Bottom: the
distribution of the center outflow velocity of the variabkgions.
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Figure 5. Top: distribution of the time-interval between two epocls f
all 188 BAL QSOs. Middle: distribution of the time-intervhktween two
epochs for 43 Qv BAL QSOs with variable regions. Bottom: the number
ratio of the middle panel to the top panel. The time-intergaih the rest
frame of BAL QSOs.
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Table 1. Summary of the Spearman correlation coefficients: For saaiple of 188 BAL QSOs)\EW is the BAL-trough EW variation from two-epoch
spectra, and there are 116 BAL QSOs with available IMd¢pasedM gy . For 43 BAL QSOs with variable regionsy EW is the EW variation of the Qv
BAL-trough variable regions, and there are 28 BAL QSOs withilable Mgii -basedMpy . A L1500 is the variation of the continuum at 1560 Aais the
variation of the spectral indeX\/py is the Mgl -based SMBH masses from a single spectriigy,; /L g 44 is the ratio of the bolometric luminosity to the
Eddington luminosityV;,.qz is the maximum velocity of the variable region. The valueriadiets is the probability of the null hypothesis.

ALis00 — Aa AEW — Aa AEW — ALisoo  AEW — Mpr  Vmazr — Lvot/LEdd
Total sample —0.36(5.5E —07)  —0.008(0.91) -0.17 (0.02) -0.15(0.1) -
Subsample  —0.56(8.3E — 05) 0.30(0.05) -0.44 (0.003) -0.54(0.003) 0.53 (0.004)

4.2 The variability of spectral index A« for BAL QSOs with
variable regions

It has been shown that QSOs spectra are bluer during thghtbri
phases. It is usually explained by the variation of the dtmre
disk. Fig.[6 showsA« versus the continuum variation at 1500
(ALis00) for total 188 BAL QSOs (the top panel). There is a
significant weak correlation between them. The Spearmaffi-coe
cient R is —0.36, with the the probability of the null hypothesis
of Poun = 5.5 x 1077 (see Table[11). In the second and fourth
guadrants in the top panel in Fid. 6, BAL QSOs show bluer durin
their brighter phase. There are about 56.9% date pointsisgow
bluer during their brighter phase. It is consistent withbsult for
non-BAL QSOs by Bian et all (2012a). Considering 11 pointhwi
both A L1500 and A« more than 3, the proportion rises to 84.6%
(11/13), more QSOs appear bluer during their brighter phesm-
pared to non-BAL QSOs (the bottom panel in Aig. 6).

For the subsample of BAL QSOs with variable regions irvC
BAL troughs, there is a significant medium strong correlatie-
tween theA L1500 andAa. The Spearman coefficiet is —0.56,
Poa1 = 8.3 x 107" (see Table 1). There are about 76.7% BAL
QSOs showing bluer during their brighter phases for 43 BAIOQS
(red circles in the top panel in Fid.] 6). Considering 6 BAL GSO
with both ALi500 and Aa more than 3, the proportion of the
points in the second and fourth quadrants rises to 100% (@)
circles in bottom panel in Fid.] 6).

The proportion showing bluer during the brighter phasessris
from about 56.9% for total 188 BAL QSOs to about 76.7% for 43
BAL QSOs with variable regions. During the brighter phashs,
accretion disk becomes hotter and its emission peak woule o
shorter wavelengths. It may lead to the trend of bluer spettr-
ing brighter phases. Therefore, this larger proportionliespthat
the origin of variable BAL-trough regions is related to thentral
accretion process.

4.3 The EW variability AEW for the variable region: the
relation with Aa, A L1500

For the subsample of 43 BAL QSOs with variable regions irvC
BAL troughs, the relation betweeA EW and A«, AL1s00 are
used to investigate the origin of BAL variability (see Talfle Ta-

ble [3). Fig.[T shows\ EW versusA« (top panel). It is possible
that there is a weak correlation betwe&i®' W and A«, according

to a Spearman rank correlation te&t £ 0.3, P,,n = 0.05; Table

[I). There are 60.5% of QSOs located in the first and third quad-
rants where the BAL-troughs become stronger when BAL QSOs
become redder. This is different from our previous studyafem-

gle BAL QSOs with 18 epochs (He eflal. 2014). He étlal. (2014)
found a strong correlation between EW variation forv\CBAL-
trough andA« (R=0.77), suggesting that dust is intrinsic to out-
flows. For the subsample of BAL QSOs with variable regions, we

(© 0000 RAS, MNRASD0Q, 000—-000
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Figure 6. Aa versusA L1500 for 188 BAL QSOs (top), and for 13 BAL
QSOs with bothA L1500 and Aa more than 3 (bottom). The proportion
of the points in the second and fourth quadrants (i.e., ldueing brighter
phases) rises from about 56.9% (top) to 84.6% (bottom). Edecircles
denote 43 BAL QSOs with variable regions (top), and 6 QSOk Wiith

A L1500 and Aa more than 3 (bottom). The proportion of the points in
the second and fourth quadrants is 76.7%. For 6 QSOs with Adthsoo
andAa more than 3, the proportion of the points in the second and fourth
quadrants rises to 100%.

don’t confirm that strong correlation from the two-epochiaaon.
It is possibly due to the additional parameters to blur tlige:
lation. For the total sample of 188 BAL QSOs, there is no cor-
relation betweem\ EW and A«, where AEW is the EW varia-
tion for C 1v BAL-trough. A Spearman rank correlation test gives
R = —0.008, Py = 0.91 (Table[d).

The bottom panel in Fidl]7 showS EW versusA L1500 for
43 BAL QSOs with variable regions. It is possible that thexai
medium strong correlation between theR,= —0.44, Pyun =
0.003 (Table [3). It is found that 60.5% QSOs located in the sec-
ond and fourth quadrants, where BAL troughs become weaker
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when BAL QSOs become brighter. For the total sample of 188
BAL QSOs,AEW is the EW variation for Gv BAL-trough, and

R = —0.17, P,un = 0.02 (Table [1). Therefore, we don't find a
significant correlation between them. It is consistent \hghstudy
of|Filiz Ak et all (2018), who found no significant evidence BBV
variability of the Civ BAL trough driven by QSO bolometric lu-
minosity (also sele Gibson etlal. 2008). With respect to szteiple

of 188 BAL QSOs, the subsample of 43 BAL QSOs with variable
regions has a stronger correlation between them. Consgléne
probability of the null hypothesisH,.i1 = 0.003) for the subsam-
ple of 43 BAL QSOs with variable regions, this correlatiorsigy-
gestive and requires further investigations by larger $amp

4.4  The relation of A EW with the central accretion
properties, Mpu , Lboi/Luad

The relation between the BAL properties/variability and tttcre-

BAL QSOs with variable regions in @/ BAL toughs, there are
28 BAL QSOs with measured Mg -basedMgy by [Shen et l.
). The bolometric luminosityi{,.; ) is calculated from_so00
(0.7 < z < 1.9), Li3so (z > 1.9). With the bolometric cor-
rections (BC) from the luminosity at 3008 and 1350A as
BCs000 = 5.15, BCi350 = 3.81, we calculaté.y,or /Lidq - These
results are listed in Tablg] 3.

In Fig.[8, we show the relation betwe¢A EW| and Mg
-basedMgH . Itis possible that there is a negative medium strong
correlation between theA EW| and Mgu (R = —0.54, Phuu =
0.003, Table[1), showing smaller variation of BAL-trough for BAL
QSOs with larger SMBHs masses. In Fid. 9, we shows the relatio
between the maximum outflow velocity of variable regiols,..)
and the Eddington ratidyo1/Lraa - It is possible that there is
a medium strong correlation between thg., and Lyo1/Lgad
(R = 0.53, Phuny = 0.004, Table [1), showing larger outflow
velocity for BAL QSOs with larger Eddington ratio. Considwgy
the test confidence less than 99.9% for the subsample of 43 BAL
QSOs, these correlations are suggestive. For the total Y88 B
QSOs, there are 116 BAL QSOs with available MghasedM s
, and there is no significant correlation betw¢AE W | and Meu
(R = —0.15, Pnull =0.1, Tablel])

In Figs.[8[9, there is an outlier, SDSS J020006.31-003709.7
(z = 2.141), with largestMpu and smallest.y,o1/Lrda in Ta-
ble [3. Excluding this QSO, these correlations would be sieon
and significant. For the relation betwe¢AEW| and Mgy ,

R = —0.7, Ppu = 0.00005. For the relation betweew, ... and
Lvol/Lgaa , R = 0.58, Py = 0.0014. These results imply the
connection between the BAL-trough variation and the céita
cretion process. Using €/ -based SMBH mass for BAL QSOs
(z > 2),|Filiz Ak et all (2018) suggested possible correlations be
tween|A EW | and luminosity/Eddington ratio for & troughs on
moderate time-scales (1-2.5 yrs). They did not find significar-
relation betweedAEW | and Mgn . These correlations require
further investigations in larger samples of BAL QSOs withbias
Mgy estimation such as from#, Mg 11 emission lines.

We don't find a significant correlation betweé#, .. and«,
Lol . We don’t confirm the result by Laor & Brandt (2002), who
found thatV;,q. increase withLy,o . We find thatLye1/ Lgaa in-
stead of L. is a driver of V,,q. . In the future, we can use the
BOSS spectra to estimate tiésn because of their larger wave-
length coverage in BOSS spectra than in SDSS spectra.

5 SUMMARY

The variability of broad absorption lines is investigatedd sample
of 188 BAL QSOs £ > 1.7) with at least two-epoch observations
from the SDSS DRY7. Considering only the longest time-scale b
tween epochs for each QSO, 73 variable regions in the BAL

tion process in BAL QSOs has been discussed by many authorstroughs are detected for 43 BAL QSOs. The main conclusions ca

(e.g. | Laor & Brandt 2002{ Ganguly etlal. 2007; Baskin & llaor
2013;[Filiz Ak et al[ 2013} He et &l. 2014). There are two funda
mental parameters related to the accretion process, theHSMB
mass (/gn ) and the Eddington ratiol(,.1/Lraa ). Considering
that the Civ -based SMBH mass is biased to the possible non-
virialized component in Qv emission lines (e.aII
12011; Shen et al. 2011; Bian et al. 2012b), we usediMgpased
Mpgu to investigate the relation o\ EWW with the central ac-
cretion properties, such a¥/pu , and Lyo/Lraa - Fitting Mg

I 2800 emission line 11) gave theiMdpased
Mpgu for QSOs with0.35 < z < 2.25. For the subsample of

be summarized as follows.

(1) Considering the flux deviatiofiV,| > 1 for at least five
consecutive data points @ wide) in the two-epoch difference
spectrum, 73 Qv BAL variable regions in 43 BAL QSOs are iden-
tified from 188 BAL QSOs, i.e., about 23% (43/188) BAL QSOs
showing variable regions from two-epoch spectra. It is tbtimat
the proportion of BAL QSOs showing variable regions incesas
with the time-interval longer than about 1 year in the reatrfe.
BAL variation tends to occur on small velocity width. Evereth
largest variation widths (6500 knT'$ ) are narrow compared to
BAL-trough outflow velocity. Variable regions are found ass a

(© 0000 RAS, MNRASDOG, 000-000
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Figure 8. |AEW/| versus the Mg1 -basedMpy for 28 BAL QSOs with
variable regions. The Spearman correlation coefficiBns —0.54 with
Ppuu = 0.003.
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Figure 9. The maximum outflow velocity of variable regiong;{..) ver-
sus the Eddington ratid.y,,1/Lrqq for 28 BAL QSOs with variable re-
gions. The Spearman correlation coefficiéhis 0.53 with P,,,,;; = 0.004.

wide range of outflow velocities, and the number of variatde r
gions appears to peak in the range betwees000 and~ 21000
kms*t.

(2) With two-epoch variation, it is found that there is a weak
correlation betweer\ L1500 and A« for total 188 two-epoch spec-
tra, and about half BAL QSOs appear redder during their beigh
phases. It is consistent with the result for non-BAL QSOs by
Jma). For a subsample of BAL QSOs with variable
regions in BAL toughs, their correlation becomes strongbgut
76.7% BAL QSOs appear bluer during their brighter phasess Th
larger proportion implies that the origin of variable reggan BAL-
trough is related to the central accretion process.

(3) For the subsample of 43 BAL QSOs with variable regions,
it is possible that there is a weak correlation betweefiil and
A Itis different from our previous study for a single BAL QSOs
by 4). It is possibly due to the additional paeters
to blur this correlation. It is possible that there is a medistrong
correlation betweed EW andA Ls100. Considering the test con-
fidence is 99.7%, this latter correlation is suggestive auglires
further investigations by larger sample.

(4) For the subsample of 43 BAL QSOs with variable regions,

(© 0000 RAS, MNRASD00, 000—-000
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there are 28 BAL QSOs with available Mg-basedMpy; . It is
possible that there is a negative medium strong correlattween
the  AEW | and Mgxu , showing smaller variation of BAL-trough
for BAL QSOs with larger SMBHs masses. It is possible thatghe
is a medium strong correlation betwe®h,... of variable regions
and Lyo1/Lraa , showing larger outflow velocity for BAL QSOs
with larger Eddington ratio. These results imply the cortioache-
tween the BAL-trough variation and the central accretioocpss.
These correlations require further investigations indagamples
of BAL QSOs with no biag\/gy; estimation such as from/#, Mg

Il emission lines.
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Table 2. The properties of 188 BAL QSOs. Col. (1) is the No. of BAL QSOsl. (2) is No. of the epoch. Col. (3) is the SDSS name. Colig#fe redshift.
Col. (5) is Plate-MJD-Fiber of the observation. Col. (6)iminosity in units ofl04%erg s—1A—1. Col. (7) is the UV spectral index. Col. (8) is the total\C
BAL EW in units of A,

No. epoch name z Plate-MJD-Fiber L1500 « BAL EW
(1) (2 3 4 (5) (6) ] (8)

001 01 J001130.55+005550.7  2.309  0389-51795-033B860.73 £ 220.18 —1.18 £0.04 12.03 £1.21
001 02 J001130.55+005550.7 2.309  0686-52519-060B475.93 £ 154.57 —1.154+0.03 10.18 £1.10
002 01 J001438.28-010750.1  1.806  0389-51795-021%70.10 £ 148.78 —0.88+£0.13  24.11 £2.07
002 02 J001438.28-010750.1  1.806 0687-52518-024815.19 + 128.45 —0.81£0.13 21.59+£2.29
003 01 J002127.88+010420.1 1.820 0390-51816-044E6504.75 £ 143.90 —1.75+0.08 14.41 £0.98
003 02 J002127.88+010420.1 1.820 0688-52203-0374349.17 £129.10 —1.70+0.08 14.40£1.04
004 01 J002146.71-004847.9  2.503 0390-51816-0161824.74 +183.96 —1.22+£0.04 5.35+£1.10
004 02 J002146.71-004847.9  2.503  0390-51900-0188074.63 £ 134.06 —1.424+0.02  4.82 4+ 0.69
005 01 J002710.06-094435.3  2.070  0653-52145-055B369.96 + 126.53  —0.76 £0.03  16.80 £ 0.75
005 02 J002710.06-094435.3  2.070  3105-54825-0310974.66 + 75.48 —0.95+0.01 10.82£0.41

006 01 J003312.25+155442.4  1.937 0417-51821-0576770.90 + 88.62 —1.20+£0.12 69.25 +1.26
006 02 J003312.25+155442.4  1.937  3133-54789-037B41.70 + 38.27 —1.21£0.05 62.26 £0.51
007 01 J004118.59+001742.4 1.765 0392-51793-063123.13 £ 113.58 —1.05+0.10 16.724+1.55
007 02 JO04118.59+001742.4 1.765 0690-52261-0553712.34 + 91.32 —1.38£0.10 13.40£1.41

008 01 J004323.43-001552.4  2.798 0393-51794-0181052.29 + 367.63 —0.86£0.02  9.68 £ 1.03
008 02 J004323.43-001552.4  2.798 0690-52261-002811.14 £ 252.10 —0.99 £0.03  12.28 £1.17
009 01 J004527.68+143816.1  1.992 0419-51812-010%911.52 +£164.76 —0.27£0.03  27.37 £0.52
009 02 J004527.68+143816.1  1.992 0419-51868-0108944.77 £ 154.36  —0.30 £0.03  28.71 £0.48
010 01 J004613.54+010425.7  2.152  0393-51794-0572955.44 £172.22 —1.66 £0.02  39.71 £0.54
010 02 J004613.54+010425.7 2.152 0691-52199-046E858.19 + 131.32 —1.67 £0.02  37.86 £ 0.42
011 01 J004732.73+002111.3  2.878 0393-51794-058%69.00 £ 276.06 —1.91 +£0.03  8.81 +1.12
011 02 JO04732.73+002111.3  2.878 0691-52199-0558749.06 + 207.40 —1.89 £0.02  8.81 £0.83
012 01 J004806.05-010321.6  2.528  0394-51812-029%02.07 +173.05 —1.73£0.02  4.79 £0.55
012 02 J004806.05-010321.6  2.528  3111-54800-0284051.75 £ 136.42  —1.47 +0.01 3.70 £0.37
013 01 J005419.99+002727.9  2.490 0394-51812-05124561.01 £ 152.81 —1.13+0.02 16.86 £ 0.62
013 02 J005419.99+002727.9  2.490 3111-54800-0508r93.79 £ 106.36  —1.02+0.01  13.95£0.39
014 01 J010859.53-105757.8  1.807  0659-52199-009260.76 + 105.13  —1.18 £0.07  48.50 £ 1.02

014 02 J010859.53-105757.8  1.807  3109-54833-000345.67 £ 58.56 —1.56 £0.06 52.70 £0.72
015 01 J010920.96-100127.0  2.449  2864-54467-0320277.23 £ 72.02 —1.68 £0.02  9.86 +0.63
015 02 J010920.96-100127.0  2.449  3109-54833-008(884.09 =+ 93.49 —0.91£0.04 9.54£1.17

016 01 J012603.62-100114.8  2.302 0661-52163-011#¥512.19 £ 160.55 —1.95+0.03 22.54 £1.06
016 02 J012603.62-100114.8  2.302  2878-54465-0274055.95 £ 77.02 —2.48+£0.03 31.04+0.79
017 01 J013012.36+153158.0  2.352  0425-51898-044Br78.04 + 174.69 0.07 £ 0.03 20.49 +1.06
017 02 J013012.36+153158.0  2.352  0425-51884-044669.05 + 189.22  —0.18 £0.04  23.50 £1.15
018 01 J013038.79+391818.1  2.520 2062-53381-0623139.81 £ 119.40 —1.27+0.02 13.34 £0.60
018 02 J013038.79+391818.1  2.520 2063-53359-0022024.22 + 121.10 —1.39£0.02 12.69 £ 0.64
019 01 J013625.65-103346.2  2.009  0662-52147-000299.65 + 121.52 —0.14£0.08 42.02£1.68
019 02 J013625.65-103346.2  2.009  1915-53612-013350.34 + 75.17 —0.27+£0.05 42.344+1.26
020 01 J013656.31-004623.7 1.716  0400-51820-000B338.49 + 183.80 —1.10+0.09  13.55 £ 1.52
020 02 J013656.31-004623.7 1.716  0698-52203-020R158.39 + 124.19 —0.83£0.06  19.78 £1.15
021 01 J014948.74+141300.9  2.188  0429-51820-0584745.76 £ 104.38 —1.43+0.02  7.85 4 0.62
021 02 J014948.74+141300.9 2.188  1899-53262-0548740.28 4 82.23 —1.53 £0.02 7.84 +£0.51
022 01 J015048.83+004126.2 3.702  0402-51793-050%58.73 £ 320.86 —1.30+0.04 10.18 £0.63
022 02 J015048.83+004126.2 3.702  0699-52202-062819.60 £ 315.36 —1.29 £0.05  12.07 £ 0.68
023 01 J020006.31-003709.7  2.141  0403-51871-0070846.41 £ 112.19 —0.41 £0.03  40.36 £0.73
023 02 J020006.31-003709.7  2.141  2866-54478-0197964.77 £ 54.49 —0.514+0.02 48.21 +0.39
024 01 J021818.14-092153.5 1.880 0668-52162-021859.30 + 149.56 —1.62+0.05 16.67 £0.73
024 02 J021818.14-092153.5 1.880 3122-54821-0201470.26 £ 73.36 —1.144+0.03 19.90 £0.51
025 01 J022036.27-081242.9  2.004 0668-52162-0542005.37 £ 129.03 —0.89 £0.03  20.99 £0.71
025 02 J022036.27-081242.9  2.004  3122-54821-0482247.01 £ 71.30 —1.444+0.01  20.66 £+ 0.36
026 01 J022349.24+004727.8  2.335  0704-52205-045912.86 + 100.24 —1.244+£0.09 13.93£1.19
026 02 J022349.24+004727.8 2.335  3127-54835-033864.99 + 77.56 —2.01+£0.07 19.04 +£0.82
027 01 J022844.09+000217.0 2.705 0406-51817-003%00.33 £ 187.14 —1.02+0.02 18.87 £0.70
027 02 J022844.09+000217.0 2.705 0406-52238-003%54.36 £ 202.67 —0.94+0.02 22.61 £0.73
028 01 J023139.53+001758.4  2.375 0407-51820-0483583.17 £118.98 —1.82£0.03  9.29 £0.87
028 02 J023139.53+001758.4  2.375 0705-52200-050B372.57 £ 107.43 —1.82+0.03 12.73 £0.94
029 01 J023252.80-001351.1  2.033  0705-52200-0068231.68 +111.34 —1.95+0.04 26.64 £1.08
029 02 J023252.80-001351.1  2.033  3126-54804-0203153.97 £ 57.90 —1.53+0.02 17.544+0.58
030 01 J023820.90+001419.7 2.782  0706-52199-0472195.28 £ 223.61 —1.944+0.03 2257 £1.28
030 02 J023820.90+001419.7 2.782  3126-54804-050M878.07 £ 115.63  —2.06 £0.02  18.17 £0.72

(© 0000 RAS, MNRASD0Q, 000—-000



10 Z-C.Heetal.

Table 2.— continue

No. epoch name z Plate-MJD-Fiber Lis00 « BAL EW
(1) 2 3) 4 (5) (6) ] (8)
031 01 J023903.43-003850.8  3.075 0408-51821-0132955.93 +219.75 —1.50 4+ 0.03 6.99 4+ 0.98
031 02 J023903.43-003850.8  3.075 0706-52199-0178807.41 +207.90 —1.61 £ 0.03 7.91 +£0.92
032 01 J024221.87+004912.6  2.069 0408-51821-057B171.53 +137.44 —1.00+0.02 19.70 £0.63
032 02 J024221.87+004912.6  2.069 0706-52199-0612028.23 + 147.32 —0.98 £0.03 21.83 £0.71
033 01 J024224.02+010452.5 2.433 0408-51821-0561394.86 + 152.27 —0.61 +=0.04 12.18 £1.16
033 02 J024224.02+010452.5 2.433 0706-52199-0608)65.54 + 137.63  —0.41 £0.04 11.56 £ 1.37
034 01 J024304.68+000005.4 1.995 0408-51821-0080674.30 + 135.82 —1.60 +0.03 13.76 = 0.83
034 02 J024304.68+000005.4 1.995 0706-52199-008D464.74 + 133.02 —1.78 £0.04  14.05 £ 1.00
035 01 J024701.18+000330.2 2.152 0409-51871-047245.43 £+ 118.16 0.11 £0.06 8.28 +1.62
035 02 J024701.18+000330.2 2.152  1664-52973-0474659.55 + 48.46 0.21 £0.03 6.50 £ 0.79
036 01 J025042.45+003536.7 2.385 0410-51816-0352730.23 + 157.63  —0.49 +0.03  40.90 £ 1.02
036 02 J025042.45+003536.7 2.385 1664-52973-0548)51.55 + 50.05 —1.10£0.02 43.20 +0.58
037 01 J025331.93+001624.6  1.821 0410-51816-0391174.54 + 155.96  —2.00 + 0.10 9.37+1.44
037 02 J025331.93+001624.6  1.821 0708-52175-0472130.18 4= 95.74 —2.01 £0.07 5.25+£0.95
038 01 J031331.22-070422.8 2.786  0459-51924-049M168.98 + 220.86  —1.85+0.03 41.52£1.03
038 02 J031331.22-070422.8 2.786  3185-54829-062B848.56 + 120.53  —1.254+0.02 42.18 £0.73
039 01 J031609.83+004043.1 2.897 0413-51821-038829.25 +401.19 —1.16 +0.03 9.04 +1.19
039 02 J031609.83+004043.1  2.897 3183-54833-046858.12 + 164.31  —1.28 £ 0.01 8.83 £ 0.46
040 01 J031828.90-001523.1  1.985 0413-51821-0168089.15 + 166.78 —1.82 4+0.02 7.94 £+ 0.59
040 02 J031828.90-001523.1  1.985 0711-52202-0112600.48 + 154.31 —1.78 £20.03  10.64 £ 0.65
041 01 J032118.22-010539.9 2.412 0413-51821-005%25.51 +193.52  —0.124+0.03 23.14£0.85
041 02 J032118.22-010539.9 2.412 0712-52199-028/598.91 + 115.59 0.63 +0.03 18.29 £+ 0.87
042 01 J032701.43-002207.1  2.319 0414-51869-015%666.84 + 151.69  —1.43 +0.03  12.03 £ 0.90
042 02 J032701.43-002207.1  2.319 0712-52199-015B727.30 +179.78 —1.60 £0.03 11.20 £ 1.00
043 01 J033029.75-005918.1  2.747  0414-51869-0004860.40 + 228.82  —1.234+0.04  9.48 £1.55
043 02 J033029.75-005918.1  2.747  0414-51901-0021654.68 + 195.10 —0.98 =0.04  20.70 £ 1.62
044 01 J074123.74+190453.8  2.288 2074-53437-032%66.49 + 71.04 —1.08 £0.03 7.66 £ 0.86
044 02 J074123.74+190453.8  2.288  2915-54497-033&%52.48 + 73.87 —1.08 £0.03 11.03 £ 0.90
045 01 J074221.38+165740.3 2.538 2074-53437-0207383.77 4 85.90 —1.31 £0.02 6.93 £+ 0.66
045 02 J074221.38+165740.3 2.538  2915-54497-0216553.70 + 96.80 —1.25 4+0.02 5.10 +0.68
046 01 J074818.62+272304.7 2.344  2075-53737-004358.23 4+ 76.70 —1.294+0.04 7.46+1.24
046 02 J074818.62+272304.7 2.344  2075-53730-0055%579.43 + 58.28 —1.31+0.03 7.36 +£0.94
047 01 J075007.63+275708.0 2.364  1059-52618-007A710.02 + 128.52  —1.36 =20.02  23.93 £ 0.62
047 02 J075007.63+275708.0 2.364 2075-53737-0550799.98 + 68.30 —1.034+0.02 29.12+0.50
048 01 J080049.70+092830.7 2.182 2419-54139-026248.89 + 130.64 —1.26+£0.04  9.03 £ 1.15
048 02 J080049.70+092830.7 2.182  2945-54505-0638316.89 + 72.55 —1.174+0.02 11.08 £ 0.60
049 01 J080455.90+231501.8 2.162  1265-52705-0181467.36 + 153.08 —1.13+0.04 16.28 £1.08
049 02 J080455.90+231501.8 2.162  1584-52943-0331544.43 + 107.60 —1.53 +0.03 15.41 £0.75
050 01 J081213.95+431715.9  1.742  0546-52205-040310.89 + 109.20 —1.68 £0.06 73.49 £ 0.70
050 02 J081213.95+431715.9 1.742 0547-51959-0282059.06 + 94.30 —1.68 £0.06 75.13 £0.61
051 01 J081822.63+434633.8 2.042 0547-51959-0122322.17 +177.45 —1.28 £0.03 2.78 £0.87
051 02 J081822.63+434633.8 2.042  0547-52207-015I037.76 £+ 107.42  —1.26 + 0.02 8.13 +0.61
052 01 J082238.64+420925.7 1.968 0761-52266-0244570.99 + 81.22 —0.69 £+ 0.06 7.56 £ 1.44
052 02 J082238.64+420925.7 1.968 0761-54524-027P100.38 £ 147.55 —1.81 + 0.09 3.734+0.99
053 01 J083925.61+045420.2  2.447  1187-52708-013949.11 £ 126.67 1.14 +0.10 42.31 + 1.67
053 02 J083925.61+045420.2 2.447  1188-52650-039M058.86 + 121.28 1.48 £ 0.10 41.67 £+ 1.38
054 01 J084255.92+223431.9 2.714  2084-53360-0502138.52 +229.21 —1.02£0.03 19.41 £1.17
054 02 J084255.92+223431.9  2.714  3373-54940-0062407.33 + 134.97 —1.254+0.02 12.08 £ 0.59
055 01 J090241.07+571829.0 2.070  0483-51942-052T08.01 £ 123.95 0.00 £ 0.06 15.65 £ 1.76
055 02 J090241.07+571829.0 2.070 0483-51902-0554592.91 + 82.68 —0.054+0.06 18.90 + 1.26
056 01 J091512.53+305014.9 1.983  1938-53379-038R09.80 + 108.77 —1.124+0.04  4.57 £ 0.96
056 02 J091512.53+305014.9 1.983 2401-53768-0472287.03 + 62.89 —1.134+0.02  4.05+0.52
057 01 J092015.68+350040.5 1.916 1273-52993-063D187.70 +107.89 —1.28 £0.06 27.79 £ 0.95
057 02 J092015.68+350040.5 1.916 1274-52995-0284090.35 + 99.96 —1.34 +£0.06  28.18 +£0.96
058 01 J092527.71+151416.9 1.968 2440-53818-0622039.65 4 96.15 —1.394+0.05 14.58 +1.06
058 02 J092527.71+151416.9 1.968  3192-54829-0504268.01 + 61.49 —1.47 +0.02 8.45 + 0.57
059 01 J092720.29+101627.0 1.929  1740-53050-006983.36 £ 103.77 —2.254+0.08 35.81 +1.37
059 02 J092720.29+101627.0 1.929  3319-54915-0425796.30 + 43.66 —1.10+£0.04 34.60 +0.74
060 01 J093300.21+544905.2 1.825 0556-51991-031825.17 £ 103.13 —1.094+0.09 10.55+1.34
060 02 J093300.21+544905.2 1.825 0555-52266-015419.61 + 84.46 —1.62 +0.08 7.42 +1.05
061 01 J093333.29+410522.8  2.153 0940-52670-0287118.21 + 226.18 —1.124+0.04  7.87 £ 1.08
061 02 J093333.29+410522.8  2.153  0939-52636-003R75.52 + 138.07 —1.06 + 0.02 6.47 + 0.65
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Table 2.— continue

BAL variable regions

No. epoch name z Plate-MJD-Fiber Lis00 « BAL EW
(1) 2 3) 4 (5) (6) ] (8)
062 01 J093548.50+363121.9 2.977 1275-52996-014%26.87 + 224.46  —1.42+0.03  20.97 £ 1.04
062 02 J093548.50+363121.9 2.977 3223-54865-0303310.33 + 159.98  —1.04 £0.02 33.81 £0.76
063 01 J093620.52+004649.2  1.719 0476-52027-044199.22 +173.80 —1.34 +0.10 4.75 + 1.67
063 02 J093620.52+004649.2  1.719  0476-52314-044472.49 + 110.71 —0.91 £ 0.09 6.41 £+ 1.51
064 01 J093859.27+150118.6  2.193  2581-54085-0228379.40 + 142.56  —0.83 +=0.04  4.16 = 1.12
064 02 J093859.27+150118.6  2.193  3196-54834-0640802.93 4 83.73 —0.74 £ 0.02 1.28 +0.48
065 01 J094338.21-010019.3  2.377 0266-51630-0124639.51 + 149.56  —0.77 =0.04  30.02 £ 0.97
065 02 J094338.21-010019.3  2.377 0266-51602-0131723.56 + 150.00 —0.92 £0.03 31.13 £0.93
066 01 J094425.46+610934.4  2.271 0486-51910-0120121.96 +112.69  —0.554+0.04 35.61 £ 1.08
066 02 J094425.46+610934.4 2.271  2403-53795-0124171.95 4 60.84 —1.234+0.02 32.36 +£0.52
067 01 J094456.75+544117.9 1.895 0769-54530-0327785.66 + 85.51 —0.60 £0.07  6.59+1.14
067 02 J094456.75+544117.9 1.895 3169-54821-0377%98.54 + 78.91 —0.29 £ 0.06 557+ 1.15
068 01 J094602.23+380059.3 2.068 1276-53035-0160675.13 + 130.50 —1.23 +0.03 21.74+£0.83
068 02 J094602.23+380059.3 2.068 3223-54865-0566599.50 4 76.83 —0.854+0.02 23.75+0.52
069 01 J095357.00+040039.2  2.427 0571-52286-056810.91 + 134.76  —0.93 +0.03 19.92 £1.12
069 02 J095357.00+040039.2  2.427 0572-52289-0312306.36 + 127.44 —1.09 £0.03 20.38 £ 1.06
070 01 J095901.24+550408.2  2.180 0945-52652-0436194.36 + 79.91 —0.89 £0.03 19.17 +0.87
070 02 J095901.24+550408.2 2.180 3169-54821-06271675.41 4 71.33 —1.394+0.02 12.73+0.55
071 01 J100109.51+133433.6  1.841  2584-54153-002D428.41 £+ 119.67 —0.71 £0.06  4.96 4+ 0.91
071 02 J100109.51+133433.6  1.841  3248-54880-0120554.03 4 87.20 —0.974+0.04 5.13+£0.58
072 01 J100318.99+521506.3 3.325 0903-52385-0173897.33 £ 280.68 —1.70 +0.04 23.17 £ 0.87
072 02 J100318.99+521506.3  3.325 0903-52400-017813.42 + 235.67 —1.62+0.03 22.77 £0.94
073 01 J100619.31+625334.9 2.001  0487-51943-0077899.42 + 91.37 —1.054+0.04 36.20 £+ 1.08
073 02 J100619.31+625334.9 2.001  3294-54918-0102715.36 + 67.37 —1.534+0.05 30.09 + 1.06
074 01 J100716.69+030438.6  2.124 0501-52235-0608589.48 + 125.81  —1.23 + 0.02 6.36 +0.48
074 02 J100716.69+030438.6  2.124  3257-54888-0474927.77 + 83.14 —0.914+£0.02 10.64 +0.44
075 01 J100912.49+252055.2  2.205 2406-54084-0170793.51 4 60.54 —0.854+0.03 34.54+0.85
075 02 J100912.49+252055.2  2.205 2347-53757-021861.28 = 119.16 —0.71+£0.05 31.59+1.54
076 01 J101425.11+032003.7 2.145 0574-52347-0212739.76 + 177.15  —1.42 £ 0.02 7.23 £0.51
076 02 J101425.11+032003.7 2.145 0574-52366-0218122.25 + 214.56  —1.42 + 0.02 7.33+£0.48
077 01 J101542.04+430455.6  2.420 1218-52709-0513637.78 + 244.90  —1.55 £ 0.01 8.24 + 0.46
077 02 J101542.04+430455.6  2.420 3287-54941-043884.78 +154.82 —1.024+0.01 12.99£0.36
078 01 J101616.34+383817.3  1.953  1427-52996-047R53.61 + 65.06 —0.89 £0.04 49.94 +0.88
078 02 J101616.34+383817.3 1.953 3262-54884-0356008.76 + 62.58 —0.59 £0.04 54.69 +£0.70
079 01 J102106.78+303137.5 3.061 2351-53772-0408114.50 +168.99  —1.97 £ 0.03 7.78 £1.01
079 02 J102106.78+303137.5 3.061 2351-53786-0408876.23 + 254.61 —2.01 =0.04 10.03 £1.23
080 01 J102156.84+282735.8 1.880 2351-53772-012810.67 £ 77.81 —0.80 £0.09 26.23 +1.33
080 02 J102156.84+282735.8 1.880 3260-54883-062442.65 £ 55.27 —0.934+0.08 28.45+1.04
081 01 J102250.16+483631.1 2.069 0873-52347-0522121.23 4 91.69 —1.01 +£0.04 31.33+1.03
081 02 J102250.16+483631.1 2.069 0873-52674-055%373.20 + 95.84 —1.434+0.03 30.29 +0.87
082 01 J102754.03+182221.6  3.078 2591-54140-045%78.13 +231.563 —1.20£0.03 27.76 £ 1.00
082 02 J102754.03+182221.6  3.078 2868-54451-0518370.06 + 84.24 —1.07+0.02  31.29 +0.46
083 01 J103006.62+271325.9 1.734  2353-53794-0164871.74 4+ 99.58 —0.60 £0.08 41.39+1.29
083 02 J103006.62+271325.9 1.734  3261-54881-0582893.54 + 43.96 —0.94 +0.056  43.90 £+ 0.60
084 01 J104010.46+432811.6 2.595 2567-54179-0022204.80 + 105.51  —1.21 £0.02  20.61 £ 0.59
084 02 J104010.46+432811.6  2.595 3258-54884-021P708.79 +115.30 —0.98 +=0.02  20.60 £ 0.83
085 01 J104945.36+285823.3  2.154  2359-53800-033232.44 + 101.18 —0.154+0.05 42.83+1.42
085 02 J104945.36+285823.3 2.154  2359-53826-033264.55 £+ 112.34 —0.18 £0.05  42.27 +1.48
086 01 J105012.58+001158.8 2.206  2409-54210-053866.41 + 38.80 —0.384+£0.04 5.27+1.19
086 02 J105012.58+001158.8 2.206  2569-54234-0554445.01 =+ 48.59 —0.714+0.04 6.90+1.21
087 01 J105416.51+512326.0 2.340 0876-52669-053B799.34 + 142.16 —1.56 =0.03  10.81 £ 0.86
087 02 J105416.51+512326.0 2.340 0876-52346-053B>48.09 + 107.72  —1.30 &+ 0.02 9.26 +0.78
088 01 J105657.54+492957.9 2.162 0876-52669-0012073.65 + 172.16  —1.03 £ 0.03 1.91 +0.88
088 02 J105657.54+492957.9 2.162 0876-52346-001211.93 £+ 138.04 —1.67 £0.04  0.97 +1.20
089 01 J110015.55+271451.7 3.339  2359-53800-0008164.53 +191.43  —1.224+0.04 22.14+0.79
089 02 J110015.55+271451.7 3.339  2359-53826-000®47.59 +£170.00 —1.194+0.04 21.17+£0.82
090 01 J110152.91+275838.6  2.865 2211-53786-0258)34.26 + 323.16  —0.26 =20.04  8.94 £ 1.42
090 02 J110152.91+275838.6  2.865 2870-54534-016%)08.90 + 132.62  —0.11 + 0.02 6.97 +0.72
091 01 J110208.59+660156.5 2.064 0490-51929-0142897.03 4 75.33 —1.144+£0.04 24.04+0.89
091 02 J110208.59+660156.5 2.064 3171-54862-0164034.75 + 68.61 —1.04 +£0.03  18.57 £+ 0.69
092 01 J110427.08+054848.3 3.006 0581-52353-0328714.96 + 233.04 —2.294+0.03  4.70 £1.12
092 02 J110427.08+054848.3 3.006 0581-52356-0328349.43 + 230.02 —2.23 +0.03  4.87 +1.03
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Table 2.— continue

No. epoch name z Plate-MJD-Fiber Lis00 « BAL EW
(1) 2 3) 4 (5) (6) ] (8)
093 01 J111313.29+102212.4  2.247  1222-52763-032914.87 £ 252.26  —0.99 + 0.02 8.25 +0.53
093 02 J111313.29+102212.4  2.247  2393-54156-0420065.31 + 123.81  —1.08 £ 0.01 7.90 £ 0.22
094 01 J111651.98+463508.6 1.888 3216-54908-038540.64 + 62.58 —1.524+0.08 14.73 +£1.18
094 02 J111651.98+463508.6 1.888 3216-54853-039%81.58 + 51.68 —1.414+0.06 11.95+0.98
095 01 J112239.20+602012.3  2.227 0951-52398-052B142.37 +128.40 —1.50+0.04  9.10 £ 1.17
095 02 J112239.20+602012.3  2.227  3328-54964-0081966.08 + 94.23 —1.73 £0.03 5.71 £0.93
096 01 J112258.77+164540.3 3.031  2499-54176-0308)25.55 + 284.56  —1.04 +0.03  42.12£0.45
096 02 J112258.77+164540.3  3.031  3327-54951-015A74.83 +162.16  —0.81 £0.03  39.93 £ 0.30
097 01 J112703.06+450516.4 1.857 1366-53063-03211130.13 +£113.64 —1.854+0.10 20.09 £ 1.06
097 02 J112703.06+450516.4 1.857 3215-54861-039%71.43 + 50.17 —1.64+£0.07 12.46 +0.78
098 01 J112939.84+600728.9 1.724 0952-52409-041®91.60 + 108.85  —1.44 +0.07 5.73 +1.11
098 02 J112939.84+600728.9 1.724  3211-54852-0424024.48 4+ 71.53 —1.71 £0.05 2.00 £0.77
099 01 J113529.56+584803.8 1.781  0952-52409-0150778.03 =+ 98.26 —1.234+0.09 21.69+ 1.36
099 02 J113529.56+584803.8 1.781  2881-54502-0296572.88 + 82.21 —1.60 £0.09 30.81 +1.37
100 01 J113621.05+005021.2 3.428 0282-51630-053%31.06 +370.79  —1.77 & 0.02 6.83 +0.46
100 02 J113621.05+005021.2 3.428 0282-51658-053%91.49 + 282.79  —1.71 £0.02 6.31 £0.38
101 01 J115944.82+011206.9 2.002 0285-51663-053t261.82 + 266.65 —2.11 +0.02 18.10 £0.53
101 02 J115944.82+011206.9 2.002 0285-51930-054032.98 + 191.60 —1.67 £0.02 18.12 £ 0.40
102 01 J120217.29+332108.7 2.252  2089-53498-029P772.50 £ 118.41  —1.64 + 0.02 8.47 +0.71
102 02 J120217.29+332108.7 2.252  2095-53474-044B300.74 + 181.35  —1.57 £ 0.03 9.41 £0.97
103 01 J120653.39+492919.3 1.845 0969-52442-0102508.88 + 130.53  —1.71 +0.05 64.15£0.55
103 02 J120653.39+492919.3  1.845 2919-54537-017Q@198.63 4 58.20 —1.554+0.03 59.46 +0.28
104 01 J120822.25+302423.9  2.252  2230-53799-035%27.30 £+ 216.24  —1.43 + 0.02 5.314+0.73
104 02 J120822.25+302423.9 2.252  3181-54860-002%52.20 + 118.31  —1.21 £ 0.01 1.68 +0.49
105 01 J121147.38+203402.4  2.413  2610-54476-0342679.76 + 197.05 —1.69 +=0.03  23.20 £ 0.82
105 02 J121147.38+203402.4  2.413  2918-54554-0622761.27 + 93.74 —1.76 £0.01 17.27+0.39
106 01 J121328.78-025617.8  2.153 0332-52367-0068299.24 + 184.48 —1.11£0.03 13.76 £0.85
106 02 J121328.78-025617.8  2.153  0333-52313-0313302.60 + 149.92 —1.194+0.03 11.93£0.73
107 01 J122604.28+034317.8 1.767 0519-52283-056856.38 + 109.69  —1.37 £0.05 20.78 £ 0.58
107 02 J122604.28+034317.8 1.767 3253-54941-0202113.96 + 101.23  —1.31 +0.03  21.63 £ 0.50
108 01 J122951.77+351929.9 1.821 2010-53495-0300731.18 +116.99 —1.424+0.06 18.34 £ 0.79
108 02 J122951.77+351929.9 1.821  3395-55004-0278623.91 + 80.70 —1.66 £0.04 14.79 £0.55
109 01 J123303.50+620915.9 1.839 0780-52370-010B419.77 +122.12  —1.454£0.07 18.91 £ 0.89
109 02 J123303.50+620915.9 1.839 0781-52373-027802.92 + 152.26  —1.52+0.08 19.42 £1.08
110 01 J123411.74+615832.5 1.949 0780-52370-0068047.71 +127.36  —1.04 £0.07 40.59 £+ 1.32
110 02 J123411.74+615832.5 1.949 0781-52373-027958.88 £ 113.42 —0.734+0.07 38.02+1.29
111 01 J123736.42+143640.1  2.704  1768-53442-0038)75.61 +219.11 —1.00£0.03 31.35+1.25
111 02 J123736.42+143640.1 2.704  3254-54889-0548126.53 + 129.76  —1.23 +0.02 31.44 £0.63
112 01 J124140.08+131746.1  2.143  1694-53472-0338303.73 + 120.77 —1.37£0.04 10.71 £1.07
112 02 J124140.08+131746.1 2.143  3255-54885-020%096.03 + 72.40 —1.214+0.02 13.47+0.65
113 01 J124551.44+010505.0 2.809 0291-51660-0607162.68 + 267.66 ~ —1.54 +0.02  29.94 + 0.92
113 02 J124551.44+010505.0 2.809 0291-51928-0612921.53 +236.91 —1.61 +0.02 29.11 £0.78
114 01 J125950.76+183236.1  2.248 2616-54499-012)83.87 +122.29 —1.04 £0.04  3.88 £1.22
114 02 J125950.76+183236.1 2.248  2924-54582-0083031.82 + 71.36 —0.92 +0.02 2.58 +0.76
115 01 J130136.12+000157.9  1.783  0293-51994-0073457.46 + 161.29 —1.54 +£0.05 35.63 £ 0.56
115 02 J130136.12+000157.9 1.783 0293-51689-007®61.62 + 129.30 —1.724+0.04 35.73 £0.47
116 01 J130221.80-004638.2 2.704  0293-51689-0012020.28 + 259.70  —0.83 £0.04 19.90 £ 1.76
116 02 J130221.80-004638.2 2.704 0293-51994-001801.44 +217.58 —0.924+0.04 14.52+1.74
117 01 J131416.43-015020.9 2.180 0340-51691-050R80.93 £+ 155.59  —1.65+0.04  7.17+£1.30
117 02 J131416.43-015020.9 2.180 0340-51990-051¥386.06 + 116.92  —1.86 4= 0.03 5.04 +0.93
118 01 J131433.83+032321.9 2.255 0525-52029-0572105.90 +201.20 —1.75 £ 0.03 5.48 £1.01
118 02 J131433.83+032321.9 2.255 0525-52295-0576720.59 + 137.72  —1.46 +£0.02 11.15+£0.81
119 01 J131505.89+590157.5 1.932 0958-52410-015M56.73 +137.19  —0.90 £0.04 25.40 £ 0.71
119 02 J131505.89+590157.5 1.932 3237-54883-0067889.68 + 78.10 —0.634+0.02 20.72+0.46
120 01 J131714.21+010013.0 2.698 0296-51578-0323857.85 + 267.72 —1.61 £0.03  23.92 £ 0.88
120 02 J131714.21+010013.0 2.698 0296-51984-0329796.38 + 215.64  —1.55+0.02 26.54 £0.76
121 01 J131853.45+002211.5 2.074 0296-51578-038B30.04 + 143.96 —1.60 £0.04 19.34 £ 1.00
121 02 J131853.45+002211.5 2.074 0296-51984-039M872.49 + 130.93  —1.47 +0.03 21.71 £0.99
122 01 J131905.95+660415.7 1.710 0496-51973-0260H44.80 + 169.04  —2.24 £ 0.08 9.63+1.14
122 02 J131905.95+660415.7 1.710 0496-51988-026D415.09 + 161.92  —1.78 + 0.07 7.41+1.15
123 01 J132304.58-003856.5 1.827 0296-51578-0074363.05 + 108.92  —1.36 =0.07 25.33 £1.04
123 02 J132304.58-003856.5  1.827 0296-51984-0078328.15 + 113.27 —1.11 £0.07 22.89 £ 1.08
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Table 2.— continue

BAL variable regions

No. epoch name z Plate-MJD-Fiber Lis00 « BAL EW
(1) 2 3) 4 (5) (6) ] (8)
124 01 J132422.54+245222.4  2.363  2664-54524-0537194.67 £ 168.12 —1.38 =0.02  28.43 £ 0.56
124 02 J132422.54+245222.4  2.363  3303-54950-0598r73.42 + 102.74 —1.36 £0.01  27.57 £0.37
125 01 J132827.06+581836.8 3.139  0960-52466-0302794.53 £+ 251.42 —1.76 =0.05 11.45+1.38
125 02 J132827.06+581836.8 3.139 0960-52425-031827.13 + 188.18 —2.154+0.04 14.99 £ 0.87
126 01 J133138.50+004221.1 2.424  0298-51955-037264.05 + 164.18 —1.824+0.02 11.14+£0.78
126 02 J133138.50+004221.1 2.424 0298-51662-0375168.88 + 208.04 —1.62 £ 0.03 6.24 +£1.10
127 01 J133514.39+531805.8 1.874  1041-52724-003B578.48 + 127.97 —1.174+0.06 13.08 £0.91
127 02 J133514.39+531805.8 1.874  3318-54951-011%395.43 4 83.67 —0.994+0.04 14.02+0.63
128 01 J134101.28+083755.7 2.494  1804-53886-0318512.42 + 144.88 0.30 +0.08 53.75 +1.08
128 02 J134101.28+083755.7 2.494  2928-54614-0128427.07 4 68.11 —0.06 £0.05 56.01 +0.52
129 01 J134544.55+002810.7 2.453 0300-51943-038®M18.11 + 151.67 —1.34 +0.03  20.84 £ 0.90
129 02 J134544.55+002810.7 2.453 0300-51666-0426153.34 + 160.97 —1.65+0.03 17.78 £0.83
130 01 J135448.04+501137.9 2.141  1670-54553-0483722.58 + 85.80 —0.57+0.06 11.40+1.31
130 02 J135448.04+501137.9 2.141 1670-53438-0486771.58 + 81.16 —0.76 £0.04 5.88+1.16
131 01 J135559.03-002413.6  2.337 0301-51641-026895.13 +179.97 —1.68 =0.02  14.60 £ 0.65
131 02 J135559.03-002413.6  2.337 0301-51942-026X769.95 + 162.568 —1.724+0.02 15.86 £ 0.67
132 01 J135721.77+005501.1  1.997 0301-51942-040878.58 £ 128.98  —1.27 + 0.02 8.54 +0.59
132 02 J135721.77+005501.1  1.997 0301-51641-0412084.64 + 133.82  —1.31 £ 0.03 8.32 £+ 0.66
133 01 J135941.58+000851.9 1.736 0301-51942-05178R62.52 + 97.91 —1.72 £ 0.08 5.32 4+ 1.17
133 02 J135941.58+000851.9 1.736 0301-51641-052(857.03 4 94.83 —1.39 £0.09 7.58 £1.28
134 01 J142333.56+573909.5 1.870 0789-52342-022989.71 =+ 102.50 —0.734+0.10 25.77+1.49
134 02 J142333.56+573909.5 1.870 2547-53917-026%35.62 £ 110.03 —0.08+£0.11 24.84+1.74
135 01 J142910.55+634603.6 1.886 0499-51988-0143386.52 =+ 76.90 —1.47 +£0.08 9.114+1.24
135 02 J142910.55+634603.6  1.886 2947-54533-0327522.58 + 63.00 —1.344+0.09 10.04 +1.34
136 01 J143117.07+632701.7 1.891 0499-51988-010%828.02 4 94.61 —1.04 £0.03 15.91+0.54
136 02 J143117.07+632701.7 1.891 2947-54533-0371876.33 +£ 135.72  —1.41 +0.05 11.06 £0.75
137 01 J143130.03+570138.8  1.797 0790-52441-0245142.59 + 140.70 —1.74£0.06  23.75 £ 0.80
137 02 J143130.03+570138.8  1.797 0790-52346-0257224.85 + 146.92 —1.96 +=0.06 25.38 £0.75
138 01 J143307.40+003319.0 2.744 0306-51637-0546573.84 +179.18 —1.87+0.04 17.83 £1.57
138 02 J143307.40+003319.0 2.744 0306-51690-055852.12 +176.33  —1.77+0.04 17.49+1.84
139 01 J143612.69+443812.6  1.848 1288-52731-010896.37 £ 125.93 —0.62+0.10 18.20 + 1.50
139 02 J143612.69+443812.6  1.848 1289-52734-035030.19 £ 111.76 —0.51+0.09 14.97+1.30
140 01 J143641.24+001558.9 1.867 0306-51637-0628072.35 4 87.18 —1.194+0.08 28.91 +0.97
140 02 J143641.24+001558.9 1.867 0306-51690-062B058.77 + 106.35 —1.324+0.09 31.47£1.17
141 01 J143758.06+011119.5 2.045 0307-51663-044B)22.18 +114.78 —0.66 =0.04 24.68 £ 1.18
141 02 J143758.06+011119.5 2.045 0536-52024-0211M14.26 +113.98 —0.80 +0.04 26.18 = 1.20
142 01 J143907.51-010616.7 1.819 0307-51663-008939.73 £ 116.89 —0.27+£0.14 12.58 £2.53
142 02 J143907.51-010616.7 1.819 0919-52409-056674.14 + 115.50 —0.354+0.11 10.88 +1.90
143 01 J144136.54+632519.4 1.779 0609-52339-032067.87 + 136.16  —1.70£0.10 13.63 £ 1.38
143 02 J144136.54+632519.4  1.779  2947-54533-0153730.82 =+ 76.55 —2.36 +0.08 7.84 +£1.23
144 01 J144351.38+560325.6  2.275 0791-52347-0241/532.55 + 145.80 —1.60 £0.03  11.38 £1.07
144 02 J144351.38+560325.6  2.275 0791-52435-0241632.08 + 169.46  —1.62+0.04 10.54£1.15
145 01 J144412.36+582636.9 2.336  0790-52441-058B187.20 + 149.14  —0.58 £20.04  2.63 £ 1.32
145 02 J144412.36+582636.9 2.336  0790-52346-0584329.29 + 158.70  —0.95+0.04  5.10 +1.31
146 01 J144514.86-002358.1  2.237  2934-54626-0223403.12 4 95.96 0.21 +0.02 24.90 +0.27
146 02 J144514.86-002358.1  2.237  2909-54653-0222109.81 + 142.56 0.21 £0.02 24.98 +0.48
147 01 J144935.96+631836.0 1.735 0609-52339-053891.96 + 130.81 —1.124+0.10 17.81 +1.66
147 02 J144935.96+631836.0 1.735 2947-54533-0044515.93 £ 76.12 —1.454+0.08 16.42+1.51
148 01 J145110.68+040925.2  1.732  0588-52029-0441295.74 + 167.75 —1.52+0.09 19.43 £1.37
148 02 J145110.68+040925.2  1.732 0588-52045-044D408.12 + 120.28 —1.66 +=0.07  19.36 = 0.93
149 01 J145353.45+040124.0 2.088 0588-52029-048®)17.34 + 147.12 —1.69£0.03 10.69 =+ 0.99
149 02 J145353.45+040124.0 2.088 0588-52045-04986106.68 + 102.42 —1.824+0.02 10.19£0.70
150 01 J145943.02+010601.5 2.092 0310-51616-0398)71.46 + 188.94  —0.97 £ 0.03 2.97+£0.97
150 02 J145943.02+010601.5 2.092 0538-52029-0012210.66 £ 160.70  —1.58 & 0.03 3.39 +£0.79
151 01 J150033.52+003353.6  2.438 0310-51616-0368155.47 + 259.64 —1.11 £0.02 12.07 £0.78
151 02 J150033.52+003353.6  2.438 0310-51990-0388149.34 + 197.15 —0.53 +0.03  18.26 = 0.83
152 01 J150332.93+440120.6 2.049 1676-53147-002B118.21 +104.63 —0.68 £0.04 16.02 £ 1.19
152 02 J150332.93+440120.6 2.049 1677-53148-0358205.95 + 91.43 —0.834+0.04 18.93+1.02
153 01 J150428.59-002015.9 1.865 0310-51616-0170859.99 + 154.39  —1.30 £ 0.09 9.28 +1.28
153 02 J150428.59-002015.9 1.865 0310-51990-0198261.01 +131.14 —1.34 +0.08 9.30 +1.12
154 01 J150659.88+420652.7 1.868 1291-52735-048B156.12 + 101.45 —1.54 £0.08 14.99 £ 1.00
154 02 J150659.88+420652.7 1.868  1291-52738-048P187.00 + 112.53 —1.65+0.08 16.55+1.03
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Table 2.— continue

No. epoch name z Plate-MJD-Fiber Lis00 « BAL EW
(1) 2 3) 4 (5) (6) ] (8)
155 01 J152057.81+461641.3 1.962 1050-52721-062848.26 + 113.38 0.72 +0.07 55.97 +1.92
155 02 J152057.81+461641.3 1.962 1331-52766-024830.92 4+ 91.87 0.39 £ 0.08 60.70 +1.73
156 01 J152149.78+010236.4 2.231 0313-51673-033m65.55 + 164.68 —1.48 +=0.04  6.09 & 1.25
156 02 J152149.78+010236.4 2.231  2953-54560-0208686.50 + 183.33  —1.83 £ 0.02 3.84 £0.70
157 01 J153045.76+383952.3 2.022  1293-52765-006835.80 + 153.79  —1.74 +0.02 16.74 £ 0.54
157 02 J153045.76+383952.3  2.022  1294-52753-032M418.72 + 167.68 —1.36 =20.03  14.27 £0.75
158 01 J153715.74+582933.9 2.590 0615-52345-0576004.06 + 393.01 —0.68 =0.02  16.86 £ 0.59
158 02 J153715.74+582933.9 2.590 0615-52347-058859.21 + 269.68 —0.75+0.01  16.87 £ 0.42
159 01 J154359.43+535903.1 2.371 0616-52374-0097736.25 + 391.38  —1.73 & 0.02 4.99 +0.68
159 02 J154359.43+535903.1 2.371 0616-52442-0128D30.08 + 274.79  —1.56 £ 0.01 4.20 +£0.41
160 01 J160649.23+451051.6 2.826 0814-52370-035B15.78 +261.00 —0.58 =0.03 17.28 £1.31
160 02 J160649.23+451051.6  2.826  0814-52443-0358792.49 + 275.76  —0.60 = 0.03  18.92 +1.31
161 01 J163023.69+390841.7 2.008 1172-52759-000881.66 =+ 139.10 —0.03+0.06 14.28 +1.58
161 02 J163023.69+390841.7 2.008 1173-52790-045390.73 £ 134.68 0.09 £ 0.07 12.60 £ 1.91
162 01 J164419.97+274447.0 3.068 1690-53475-0350126.54 + 224.13  —1.39 +0.02  24.99 £ 0.59
162 02 J164419.97+274447.0 3.068 2949-54557-0608163.99 + 231.63 —1.70£0.02 27.11 £0.65
163 01 J164424.98+274136.5 3.893  1690-53475-0342125.81 +840.91  —1.07 +0.03 5.79 +0.57
163 02 J164424.98+274136.5 3.893  2949-54557-0602408.34 + 746.56  —1.33 £0.03  4.58 & 0.60
164 01 J165443.30+372008.0 1.928 0632-52071-012B332.06 £ 136.03  —1.58 & 0.05 3.47 +1.06
164 02 J165443.30+372008.0 1.928 0820-52438-0371157.64 4 93.21 —1.79 £0.05 3.72 +£0.89
165 01 J165631.20+353259.0 2.039 0819-52409-000857.54 =+ 126.85 —0.30 £0.06  32.15+ 1.58
165 02 J165631.20+353259.0 2.039 0820-52438-0092036.77 4 87.36 —0.80 £0.04 35.35+0.94
166 01 J170105.08+372347.3 1.959 0820-52438-061496.09 + 108.81 —0.734+0.06 18.23 +1.29
166 02 J170105.08+372347.3 1.959 0820-52405-063838.88 + 97.70 —1.10£+0.06 16.51 +1.26
167 01 J170633.06+615715.1 2.012 0351-51780-055B272.88 + 127.51 —1.76 =0.04  9.93 +1.12
167 02 J170633.06+615715.1 2.012 0351-51695-0558321.14 + 137.66  —1.64 +0.04 11.44 £0.98
168 01 J170931.00+630357.2 2.395 0352-51789-0318r99.17 +193.13  —1.20£0.02 26.52 £ 0.58
168 02 J170931.00+630357.2 2.395 0352-51694-0313023.91 +174.46  —0.91 +0.03  29.68 £ 0.67
169 01 J171731.04+621912.0 2.118 0352-51789-020B0199.22 + 122.94 —1.53+£0.04 10.12+1.11
169 02 J171731.04+621912.0 2.118 0352-51694-021b6113.01 £ 138.59  —1.66 = 0.05 9.99 +1.33
170 01 J172012.40+545601.1 2.100 0357-51813-018®23.35 +103.37 —1.78 £0.02  14.19 £ 0.59
170 02 J172012.40+545601.1 2.100 0367-51997-018471.91 £ 100.37 —2.024+0.02 14.55£0.49
171 01 J173802.90+535047.2 1.918 0362-51999-013489.13 £ 113.87 —0.35 £ 0.06 6.12 £ 1.21
171 02 J173802.90+535047.2 1.918 0360-51780-013403.79 =+ 148.22 0.70 £0.10 2.17 4+ 2.26
172 01 J212127.78-081737.5 1.906 0640-52178-0288276.19 + 169.68  —0.84 £ 0.06 2.42 +1.31
172 02 J212127.78-081737.5 1.906 0640-52200-0296189.13 £ 180.42  —0.83 + 0.08 1.95 + 1.45
173 01 J213113.93-083913.5 1.983 0641-52176-029832.51 £ 115.90 —0.33+£0.08 22.50 £ 1.99
173 02 J213113.93-083913.5 1.983 0641-52199-029932.44 + 103.17 —0.65+0.07 22.87+1.63
174 01 J213138.07-002537.8  1.837 0989-52468-027391.30 + 115.95 —0.254+0.13  34.51 £2.15
174 02 J213138.07-002537.8  1.837  1963-54331-0238301.29 + 44.97 0.36 +0.08 17.94 £+ 1.60
175 01 J213138.93-070013.4  2.048 0641-52176-038R272.71 +£116.96 —1.554+0.04 29.72+1.07
175 02 J213138.93-070013.4  2.048 0641-52199-039M258.61 + 101.25 —1.46 =0.04 32.74 £0.97
176 01 J213508.59-075502.1  1.799 0641-52176-010B611.66 + 128.10  —1.45 £ 0.06 6.42 +0.94
176 02 J213508.59-075502.1  1.799 0641-52199-0116778.34 £ 140.06  —1.71 + 0.06 8.97 +0.93
177 01 J213648.17-001546.6  2.180 0989-52468-0104169.71 + 128.27 —1.46 £0.04 13.46 £1.23
177 02 J213648.17-001546.6  2.180 1152-52941-03117320.84 + 103.66 ~ —1.42 + 0.03 8.75 4+ 0.83
178 01 J221555.98+010127.0 2.241  1104-52912-053(B38.20 + 148.25 —1.66 £0.03  13.56 £ 0.87
178 02 J221555.98+010127.0 2.241  3146-54773-0608671.33 £ 105.68  —1.21 + 0.02 8.65 + 0.66
179 01 J222107.29+125627.2  1.732 0736-52210-002I2291.86 + 161.31  —1.06 = 0.08  24.85 + 1.38
179 02 J222107.29+125627.2 1.732 0736-52221-0031514.98 + 151.15 —1.48 =0.07 23.80 £ 1.06
180 01 J224248.92-085822.8  2.390 0722-52224-007694.81 +£161.98 —1.80+0.03 11.72+1.03
180 02 J224248.92-085822.8  2.390 0723-52201-0358554.45 £+ 160.01 —1.78 £0.03 11.31 +0.96
181 01 J224324.59-005330.7 1.895 0378-52146-0218)01.88 + 150.568 —0.65+0.09 19.33 £ 1.58
181 02 J224324.59-005330.7 1.895 0675-52590-020B159.24 £+ 110.38  —0.78 £0.05 17.35 4 1.03
182 01 J225706.17-002532.8  1.985 0380-51792-027419.08 £ 117.48 1.05+0.13 26.30 4+ 2.44
182 02 J225706.17-002532.8  1.985 0676-52178-003921.97 £ 131.91 1.02 +£0.12 20.28 +2.71
183 01 J231105.54-102837.5 3.194 0726-52226-013848.05 +210.14 —1.13£0.02 43.91 £0.38
183 02 J231105.54-102837.5 3.194 0726-52207-013B119.36 £ 378.42 —1.08 £0.03  43.52 +0.58
184 01 J231958.70-002449.3  1.890 0382-51816-0064329.00 + 130.74 —0.12£0.06 21.62+1.05
184 02 J231958.70-002449.3  1.890 0680-52200-0261562.23 + 130.52 —0.72 £ 0.06 24.83 +0.92
185 01 J232840.99-085315.8 1.729  0646-52523-044662.37 + 100.71 —1.474+0.10 41.52+£1.65
185 02 J232840.99-085315.8 1.729  3145-54801-0367301.68 + 46.78 —1.574+0.03  40.79 + 0.47
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Table 2.— continue

No. epoch name z Plate-MJD-Fiber L1500 o BAL EW
(1) (2 3 4 (5) (6) ] (8)

186 01 J234711.44-103742.4 1.800 0648-52559-009M54.64 +116.50  —0.07 £0.04  49.98 £+ 0.55
186 02 J234711.44-103742.4 1.800 2311-54331-0218922.86 + 71.76 —0.36 £0.03 51.92+£0.41
187 01 J235702.54-004824.0  3.013  0387-51791-024%437.82 +209.11 —1.31+0.04 18.02+1.10
187 02 J235702.54-004824.0 3.013  0685-52203-0317321.58 + 213.74 —1.38 £0.04 20.08 £1.21
188 01 J235859.47-002426.2 1.759  0387-51791-0181942.02 4+ 96.73 —0.98 £0.08 15.85+1.25
188 02 J235859.47-002426.2  1.759  0685-52203-016460.98 + 105.55 —0.43£0.09 21.50+1.53

Table 3. The subsample of 43 two-epoch spectra with identified viiBB\L regions. Col. (1) is the No. of the two-epoch spectral. 2) is the name. Col.
(3) is the redshift. Col. (4) is one observation of Plate-Mdiber. Col. (5) is another observation of Plate-MJD-Filé&ol. (6) is the bolometric luminosity in
units of erg s'1 . Col. (7) is the Mgl -based black hole mass in units bf,. Col. (8) is the Eddington ratio. Col. (9) S EW of all variable BAL regions
in two-epoch different spectra in units Af Caol. (10) is the boundary of all variable BAL regiong .z, Vinin) in units of km s71 .

N name z Plate-MJD-Fiber  Plate-MJD-Fibet  LogLyo; LogMpn Lpoi!LEdd AEWvary Vary(Vimaz, Vinin)

(1) @) 3) 4 (5) (6) 7 (8) 9) (10)

001  J002710.06-094435.3 2.070  0653-52145-0556  310555@320 46.96 8.87+0.19 0.98 —8.45 + 0.54 (27311.7, 22275.5); (5036.2, 2324.4)

002 J003312.25+155442.4 1.937 0417-51821-0576 3133968389 46.23 8.86 +£0.19 0.19 —4.17+0.59 (21113.3, 19951.1); ( 14333.8, 12203.1)

003 J004527.68+143816.1 1.992 0419-51812-0105 0419350866 47.44 9.70 £ 0.03 0.43 +0.61 £0.17 (7360.6, 6198.4)

004  J005419.99+002727.9 2.490 0394-51876-0514 3111658809 47.07 - - —2.76 +£0.29 (8329.1, 6585.8); (4455.1, 3099.2)

005 J010859.53-105757.8  1.807  0659-52199-0099  310935@8G3 46.74 8.93£0.11 0.51 +5.03 +£0.74 (28861.3, 27311.7); (21500.7, 20338.5); ( 11234.6, 16972.
006 J012603.62-100114.8 2.302 0661-52163-0114  28785:@284 46.93 - - +2.93 + 0.46 (6585.8, 3292.9)

007  J020006.31-003709.7 2.141  0403-51871-0070  286685@297 46.65 10.14+£0.14 0.03 +6.68 + 0.48 (20338.5, 18014.1); (16851.9, 13365.3); ( 12590.5, 1)34.
008 J021818.14-092153.5 1.880 0668-52162-0218  312215@3Q1 47.08 9.80 £0.13 0.15 +0.76 £ 0.21 (12009.4, 10847.2)

009  J022036.27-081242.9 2.004 0668-52162-0547 3122158832 46.94 9.24 +0.12 0.40 —2.07+£0.35 (27311.7, 26149.5); (23825.1, 21888.1)

010 J022349.24+004727.8 2.335 0704-52205-0459 3127558838 46.43 - - +0.89 &+ 0.35 (11428.3, 10459.8)

011  J023252.80-001351.1 2.033  0705-52200-0063  312645@305 46.70 9.24 +0.19 0.23 —6.65 + 0.56 (10266.1, 6585.8); ( 6198.4, 4261.4)

012 J074221.38+165740.3 2.538  2074-53437-0207 2915758296 46.94 - - —1.20+0.24 (23631.4, 22275.5)

013 J075007.63+275708.0 2.364  1059-52618-0071 2075758330 46.94 . - +6.43 £ 0.47 (23825.1, 18401.5); (10072.4, 6973.2)

014 J080455.90+231501.8 2.162  1265-52705-0187 1584352337 46.79 9.28 £0.23 0.26 —1.92+0.45 (24018.8, 21888.1)

015 J081213.95+431715.9 1.742  0546-52205-0403 0547950284 46.95 9.37£0.10 0.30 +4.58 £+ 0.60 (28086.5, 24212.5)

016 J081822.63+434633.8 2.042 0547-51959-0122 0547752287 46.97 9.49 £ 0.06 0.24 +2.95 £+ 0.38 (13946.4, 10847.2)

017 J082238.64+420925.7 1.968 0761-52266-0244 0761458329 46.56 9.44 £ 0.12 0.10 —2.78 £0.44 (8910.2, 7941.7)

018 J084255.92+223431.9 2.714  2084-53360-0502 33730580982 46.91 - - —4.81 £ 0.60 (20338.5, 16270.8); ( 15883.4, 14140.1)

019 J092527.71+151416.9 1.968 2440-53818-0622 31929588024 46.53 9.05 £ 0.21 0.24 —4.62 +0.52 (18788.9, 16077.1); (9297.6, 7941.7)

020 J092720.29+101627.0 1.929  1740-53050-0065 3319558825 46.74 9.43 £+ 0.06 0.16 —1.19+£0.35 (6004.7, 4842.5)

021  J093548.50+363121.9 2.977  1275-52996-0145 3223558863 47.10 - - +10.56 £ 0.91 (19951.1, 17820.4); (16270.8, 11234.6); ( 9491.3, 7941.7)
022 J094602.23+380059.3 2.068 1276-53035-0160 322355866 46.84 9.38 £ 0.19 0.23 +2.95 £ 0.38 (18207.8, 16270.8);( 9297.6, 8135.4)

023  J095901.24+550408.2 2.180 0945-52652-0436 3169158827 46.79 9.61+0.12 0.12 —5.10 £ 0.49 (10459.8, 4261.4)

024 J100716.69+030438.6  2.124  0501-52235-0606 3257858884 47.10 9.42 4+ 0.36 0.38 +4.37+£0.28 (20725.9, 19176.3); (18788.9, 16270.8)

025 J101542.04+430455.6 2.420  1218-52709-0514 3287158433 47.48 - - +5.35 £ 0.24 (8716.5, 6198.4); (5423.6, 3680.3)

026 J101616.34+383817.3 1.953  1427-52996-0479 3262454886 46.38 9.06 £+ 0.21 0.17 +6.01 £ 0.65 (25374.7, 23437.7); (21694.4, 19563.7); ( 19176.3, 17920.
027 J102754.03+182221.6 3.078  2591-54140-0453 2868158858 47.13 - - +1.10+0.28 (13171.6, 11815.7)

028 J110208.59+660156.5 2.064 0490-51929-0142 3171258864 46.59 9.10 £ 0.25 0.25 —4.90 £+ 0.52 (16851.9, 15689.7); (15302.3, 12396.8)

029 J112239.20+602012.3 2.227 0951-52398-0523  332845@981 46.66 9.29 £+ 0.15 0.19 —4.66 £+ 0.61 (22275.5, 18788.9)

030 J112258.77+164540.3 3.031  2499-54176-0308 3327158953 47.35 - - +1.314+0.20 (19757.4, 18401.5); ( 8135.4, 7166.9)

031 J112703.06+450516.4 1.857 1366-53063-0321 3215158889 46.67 9.47 £0.14 0.13 —2.89 +0.42 (5617.3, 4648.8); ( 1937.0, 774.8)

032 J120653.39+492919.3 1.845 0969-52442-0107 2919758530 47.08 9.65 4 0.05 0.22 —1.70 +£0.25 (22662.9, 21500.7); (10847.2, 9297.6)
033 J120822.25+302423.9 2.252  2230-53799-0353  318105@8B5 47.18 - - —1.294+0.28 (18014.1, 17045.6); ( 14140.1, 13171.6)

034 J121147.38+203402.4 2413  2610-54476-0341 2918458682  47.00 —6.044052 (220818, 21113.3); ( 13365.3, 10653.5); ( 10266.1, 73606198.4, 5229.9)

035 J122604.28+034317.8 1.767 0519-52283-0565  325315@2@2 47.12 9.63 4+ 0.07 0.25 +1.01 £0.20 (12009.4, 10653.5)

036 J123736.42+143640.1 2.704  1768-53442-0038 3254958888 46.83 - - +0.98 £0.27 (22275.5, 21307.0)

037 J130136.12+000157.9 1.783  0293-51994-0074 0293950689 47.16 9.83 4 0.08 0.17 +0.41+0.12 (13752.7, 12396.8)

038 J131433.83+032321.9 2.255 0525-52029-0572 0525550296 46.93 - - +3.34+£0.45 (7360.6, 6004.7); (4842.5, 3874.0)
039 J131505.89+590157.5 1.932 0958-52410-0157 32372358887 47.10 9.69 4 0.05 0.20 —2.47+0.32 (10459.8, 7941.7); (4067.7, 2905.5)
040 J135721.77+005501.1 1.997 0301-51942-0408 0301150621 47.03 9.39+0.11 0.34 —2.94+0.36 (26149.5, 23050.3)

041 J143117.07+632701.7 1.891 0499-51988-0105 29472358330 47.17 9.62 4 0.06 0.28 —1.29+£0.29 (18595.2, 16851.9)

042  J150033.52+003353.6  2.438 0310-51616-0363 0310050388 46.68 - - +7.25+0.58 (21500.7, 20338.5); ( 19370.0, 14140.1)
043 J232840.99-085315.8 1.729  0646-52523-0446 3145158867 46.69 9.43 4 0.06 0.14 —2.21+0.47 (14721.2, 13365.3)
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