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Table 3
Basic Information of Light Curves
Spectroscopy Continuum Hp

Name Season Duration Epochs Cadence Fo.. Flux density Fya Flux

(days) (%) (%)

Y] (2) (3) 4) (5) (6) )] ) )
PG 00074106 All 2017.10-2021.01 132 8.9 104 +£0.7 0.95 +0.10 11.3+0.7 1.51 £ 0.17
1 2017.10-2018.01 23 4.3 75+1.2 1.08 £+ 0.08 55+09 1.61 +£0.09
2 2018.08-2019.02 47 34 38+0.5 0.95 + 0.04 7.8+0.9 1.64 +0.13
3 2019.06-2020.02 35 6.5 113+ 14 0.93 +0.11 82+ 1.1 1.40 £ 0.12
4 2020.08-2021.01 27 5.1 48+09 0.86 + 0.05 73+£1.1 1.35+0.10
PG 0049+171 All 2017.10-2021.02 160 7.5 134 £0.8 1.77 £ 0.24 59+04 1.88 £0.12
1 2017.10-2018.02 28 4.5 64+0.9 1.89 +0.13 72+ 1.1 2.01 £0.15
2 2018.08-2019.02 48 3.7 54+0.6 1.50 £+ 0.08 22+04 1.78 4+ 0.05
3 2019.06-2020.02 44 5.5 89+ 1.0 2.00 £0.18 33+£05 1.92 £+ 0.08
4 2020.08-2021.02 40 4.3 6.5+ 0.8 1.74 £ 0.12 29+0.5 1.85 £ 0.07
PG 09234129 All 2020.10-2021.05 41 5.0 6.3 +0.8 4.41+0.30 85+1.0 1.90 £ 0.17
PG 09474396 All 2017.10-2021.05 83 15.7 6.9 + 0.6 0.57 + 0.04 6.3 +£0.6 0.49 4+ 0.03
1 2017.10-2018.05 26 7.8 75+ 1.3 0.55 +0.05 9.7+ 14 0.48 £+ 0.05
2 2018.11-2019.06 22 10.2 82+ 1.3 0.57 + 0.05 33408 0.50 4+ 0.02
3 2020.02-2020.05 16 7.2 1.1+£0.7 0.60 + 0.01 434+09 0.50 +0.02
4 2020.11-2021.05 19 10.4 46+1.0 0.56 + 0.03 3.2+0.8 0.48 + 0.02
PG 10014054 All 2017.10-2021.05 102 12.8 7.8 £0.6 0.81 + 0.06 55+04 0.81 +0.05
1 2017.10-2018.04 31 5.8 2.6 +04 0.80 + 0.02 24+04 0.83 +0.02
2 2018.10-2019.06 34 6.6 28+04 0.75 + 0.02 1.8 £0.5 0.77 £ 0.02
3 2019.11-2020.05 23 8.1 43+0.7 0.90 + 0.04 3.5+0.6 0.85 +0.03
4 2020.11-2021.05 14 14.1 35+09 0.85 +0.03 59+14 0.86 £+ 0.06
PG 1048+342 All 2017.11-2021.05 87 14.4 11.1 £09 0.58 + 0.07 8.0+ 0.7 0.52 +0.04
1 2017.11-2018.05 23 7.3 58+1.2 0.49 +0.03 34+0.7 0.46 +0.02
2 2018.11-2019.06 36 6.2 3.5+0.6 0.63 +0.03 2.6 £0.6 0.56 +0.02
3 2019.11-2020.04 13 11.9 23+1.8 0.60 + 0.03 1.3+1.2 0.54 +0.02
4 2020.12-2021.05 15 10.2 6.5+ 1.5 0.55 + 0.04 2.1+0.8 0.54 +0.02
PG 11004772 All 2018.11-2021.04 42 20.9 89+ 1.0 1.37 £0.13 1.6 £0.5 2.32 +£0.06
PG 1202+281 All 2016.12-2021.04 101 15.5 9.2+0.7 0.58 + 0.05 74 +£0.6 0.37 £ 0.03
1 2016.12-2017.05 26 5.7 64+1.0 0.59 + 0.04 3.7+0.7 0.34 +0.02
2 2018.01-2018.05 22 5.5 54+09 0.60 + 0.03 1.0£0.8 0.35 +0.01
3 2018.12-2019.07 27 7.8 10.1 £ 1.4 0.58 + 0.06 2.6 +£0.6 0.40 +0.01
4 2020.01-2020.05 21 6.4 6.2+ 1.0 0.54 + 0.03 44408 0.36 4+ 0.02
5 2020.12-2021.04 5 23.8 6.3+2.1 0.47 +0.03 53+1.8 0.36 +0.02
PG 12114143 All 2016.12-2017.07 52 4.2 121+13 4.66 + 0.58 103+ 1.1 4.61 £0.50
PG 1310-108 All 2021.01-2021.05 17 7.7 33+09 1.76 £+ 0.08 33407 1.14 £ 0.04
PG 1351+640 All 2016.12-2021.02 109 13.8 14.1+1.0 3.63 £0.51 47+04 1.22 +0.06
PG 13514695 All 2019.06-2021.04 108 6.2 122 £0.9 3.80 +£0.47 269+1.9 1.75 £ 0.48
PG 15014106 All 2017.02-2020.06 136 8.9 13.2+0.8 5.18 £ 0.69 7.6 £0.5 3.61 £0.28
1 2017.02-2017.05 17 6.1 8.6+ 1.6 6.06 + 0.53 69+12 3.67 £0.26
2 2018.01-2018.05 28 43 29+0.5 5.64 +£0.18 2.7+0.5 3.69 +0.11
3 2019.02-2019.10 57 4.3 9.0+ 0.9 5.20 £0.47 10.0 £ 1.0 3.64 +£0.37
4 2020.01-2020.06 34 3.9 72+09 434 +0.32 41+05 347 +0.15
PG 15344580 All 2020.02-2021.05 83 5.5 5.8+0.5 3.90 +£0.24 6.0 £ 0.6 1.85 +£0.12
PG 16134658 All 2016.12-2021.04 200 7.9 11.9+ 0.6 2.62 +0.32 5.1+0.3 3.55+0.20
1 2016.12-2018.05 55 9.2 122 +£1.2 2.84 +£0.35 3.7+£0.5 3.78 £0.17
2 2018.12-2021.04 145 6.0 10.0 £ 0.6 2.53 £0.26 3.0+£03 3.46 £0.13

Note. Column 1 is the name of object. Column 2 is the season for the measurement. Columns 3-5 are the duration, epoch, and cadence of the spectroscopy. Columns
6-7 are the variation amplitude and mean flux for the continuum light curve. The uncertainty range of the mean flux is the standard deviation of the light curve. The
unit of the mean flux is 107" erg s™' cm™2 A~". Columns 8-9 are the variation amplitude and mean flux for the H3 light curve. The unit of the mean flux is

—1 -2

107 P ergs™ ' cm

uncertainties generated from MICA are shown in Figures 2-16.
The time lags and their uncertainties are given in Table 6. For
the light curves with clear variations and statistically significant
time delays (e.g., Season 4 of PG 0049+171; Season 2 of
PG 09474396, PG 1310—108), the measurements of the three
methods are generally consistent with each other. The pairwise
comparison between the lag measurements of the methods are
demonstrated in Figure 17. The results from ICCF and MICA
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have the best consistency, while the x> method generally gives
larger scatter compared to the other two methods. Considering
that MICA takes advantage of a damped random walk model
(Li et al. 2016) and can give better constraints to the light-curve
reconstruction by incorporating the continuum and HG
variations, in particular across larger gaps, we adopted the
time lags from MICA for the BH mass measurements in the
following Section 3.6.
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Table 4 Table 5
Systematic Errors of Light Curves Light Curves
Target Duration Oy (conti) oyys (HB) Target Telescope Data D Flux
PG 0007+106 2017.10-2018.01 0.019 0.026 PG 0007+106 WIRO Conti 1046.674 0.982 4 0.004
PG 0007-+106 2018.08-2019.02 0.015 0.031 PG 0007-+106 WIRO Hp 1046.674 1.501 £ 0.007
. g gggzﬂgg igg’)ggigg?gi ggig 88;2 PG 00074106 WIRO Conti  1049.699  0.963 + 0.004
PG 00494171 2017‘10—2018402 0'037 0'042 PG 00074106 WIRO Hp 1049.699 1.519 £ 0.006
PG 0049+ 171 5018.08.2019.02 0014 0028 PG 0007-+106 WIRO Conti 1050721  0.985+0.005
PG 0049+171 2019.06-2020.02 0.030 0.043 PG 0007-+106 WIRO Hp 1050.721 1.473 + 0.008
PG 0049+171 2020.08-2021.02 0.021 0.038
PG 0923+129 2020.10-2021.05 0.000 0.000 Note. The uncertainty does not include the systematic errors measured from
PG 0947+396 2017.10-2018.05 0.017 0.009 median-filter method (see Section 3.2). The Julian dates are from 2,457,000.
PG 0947+396 2018.11-2019.06 0.003 0.000 A . - S S
PG 0947+396 2020.02-2020.05 0.000 0.000 fgfmumts ,for Cf;mmuumt. mlld HG are 10" Fergs ™ em = A~ and
PG 0947396 2020.11-2021.05 0.009 0.000 crgs - cm -, respectively.
PG 10014054 2017.10-2018.04 0.010 0.011 (This table is available in its entirety in machine-readable form.)
PG 10014054 2018.10-2019.06 0.007 0.013
PG 1001+054 2019.11-2020.05 0.009 0.013
PG 10014054 2020.11-2021.05 0.011 0.020 . .
PG 10484342 5017 112018.05 0017 0007 FWHM. of the H( line from the mean or rms spectra, G is the
PG 10484342 2018.11-2019.06 0.005 0.007 grav1tat10nal constant, and fBLR 1S a scahng factor.
PG 1048+342 2019.11-2020.04 0.022 0.010 The average value of fg g for AGNs as a sample can be
PG 1048342 2020.12-2021.05 0.013 0.004 determined by calibration against the M.—o, or M.—M, relation-
gg ﬂggﬂ;g égig'iéjg;zgg g'ggg g'ggg ships of inactive galaxies (e.g., Onken et al. 2004; Woo et al.
PG 11004772 2020.11-2021.04 0.017 0.000 2010, 2015; Ho & Kim 2014), where o and M, are the stellar
PG 1202+281 2016.12-2017.05 0.014 0.007 velocity dispersion and stellar mass of the galactic bulge.
PG 1202+281 2018.01-2018.05 0.012 0.006 However, the specific values of fpir in individual objects are
PG 12024281 2018.12-2019.07 0.009 0.007 . L
PG 12024281 5020.01-2020.05 0.008 0.006 likely to have a 51gmﬁcant scatter aroupd the average (e.g.,
PG 12024281 2020.12-2021.04 0.007 0.004 Pancoast et al. 2014; Grier et al. 2017; Li et al. 2018; Williams
PG 1211+143 2016.12-2017.07 0.148 0.146 et al. 2018). Here we adopt the calibrated average fg; g from Woo
P g 1§10'1(6)§O igzéoé—ggﬂ? 883;] 8-‘;‘;(; et al. (2015; 1.12 for FWHM and 4.47 for oyg) in our M.
PG 1351 16.12-2017. .0 02 . . /
PG 132 11 640 2017122018 02 0,020 0.021 calculations, as we did for Papers I and II.
PG 13514640 2019.01-2019.11 0.049 0.021 It has been suggested that the line widths in the rms
PG 1351+640 2020.02-2020.05 0.002 0.025 spectra and time lags are more consistent with the virial
PG 13514640 2020.08-2021.02 0.036 0.030 relationship (7 oc V™) than the mean spectra (e.g., Peterson
]l:g }2;1232 igig'ggjgi?'gi g‘?gé 8'?22 et al. 2004; Dalla Bonta et al. 2020). Therefore, we
PG 15014106 2017.02-2017.05 0.098 0.043 calculated the BH masses using the line widths from the
PG 1501+106 2018.01-2018.05 0.056 0.048 rms spectra. But for completeness, we provided the “virial
PG 1501+106 2019.02-2019.10 0.041 0.046 products (VP)” measured from the FWHM of the mean
PG 1501+106 2020.01-2020.06 0.000 0.019 2 . .
PG 15344580 5020.02-2020.05 0.037 0.029 spectra (Ryp VFWHM / G). We divided the light curves of the
PG 15344580 2020.08-2021.05 0.070 0.051 objects according to their seasonal gaps and measured the
PG 1613+658 2016.12-2017.05 0.022 0.083 time lags for different seasons (Section 2.2) as well as for
gg 121?222 igig?;iggggz 8-82(7’ 8'8(5)(8) combined seasons. Table 7 gives the corresponding VP
3+ A2 . . .
PG 16134658 2020.08-2021 04 0.027 0.048 measured from the mean spectra, as well as BH masses

Note. These are the systematic errors of the spectroscopy data in separate seasons.
The systematic error of “0.000” means that it can be ignored. For PG 1100+772,
PG 13514640, PG 13514695, PG 15344-580, and PG 16134658, we did not
divide their light curves into different seasons according to their gaps in the
campaign because of the long variation timescales (see details in Section 2.2).
However, their systematic uncertainties for continuum and Hf used in the time-
series analysis in Section 3 are estimated in light of the gaps in the campaign
(if necessary). The unit for continuum systematic errors is 10" erg s ™' cm 2 AL

The unit for H3 systematic errors is 10" erg s~' ecm ™2

3.6. Black Hole Masses

Given the time lag and the line width measurements, the BH
masses M. can be determined by the formula

RpirV?
M. = foy p ———

G C))

where Rp; r = cTpLR is the responsivity-weighted radius of the
BLR, 7p1r is the time lag, c is the speed of light, V is oyg or
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( fBLRRBLRV2 /G) measured from the FWHM and oz of the
rms spectra; seasons with very poor lag measurements are
ignored in the mass determinations. For completeness, the
monochromatic luminosity at 5100 A is available in Table 6.
It should be noted that we have corrected for the Galactic
extinction, but host-galaxy contamination is present in these
measurements. We will investigate the location of our targets
on the radius—luminosity plane (e.g., Kaspi et al. 2000; Bentz
et al. 2013; Du & Wang 2019) in a future paper. The
cosmological parameters used to calculate the luminosity are
Ho=67kms ' Mpc™ ', Q,,=032, Q,=0.68 (Planck
Collaboration et al. 2014, 2020).

The time lags can vary over time, for instance if there are strong
luminosity changes. In principle, it should not make a difference
to the measurement of BH mass if we use the time lag from the
light curves of any individual season or from the entire campaign,
as the BH mass cannot change on short timescales. In practice,
some seasons have stronger variations and better sampling than
others. However, if the BLR kinematics is complex or variable,
the BH masses measured from individual seasons or the whole



THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 262:14 (31pp), 2022 September Bao et al.

Table 6 N
Line Widths, Time Lags in the Rest Frame, and 5100 A Luminosity
Mean Spectra ms ICCF MICA v

Target Season FWHM Oline FWHM Oline Teent Tpeak Teent Tpeak ALA\(5100 A)
(kms™ ") (kms™) (kms™ ") (kms™h (days) (days) (days) (days) (x10** erg sh
PG 0007+106 All 5301733 2424%3 4832719 176673 309433 251749 258412 242438 1.61 +0.17
536528 252474 539673 189572 22.17748 19.57%%° 23.37%2 51.2%%8 ) 1.84 +0.14
524473 2347434 4621+] 1881+13 347449 320038 19.7795, 15.0734 1.62 4 0.07
3 5433433 236574 4471433 175073 15.6+14 14.47¢3 14.3%33 4, 6“502 1.58 +0.18
517613] 2558+ 468617, 1558718 2517094 20.714% 20.872) 98.217%, 1.45 + 0.08
PG 00494171 All 4262431 2272438 28731] 119313 347138 280l 39.5733 84.97%%7 1.27 £0.17
4131434 20054 280473, 110973 512437 5424332 41.8%]3 31‘8382 1.36 & 0.09
4426+32° 230973] 2919183 137011 2377440 22.2%2%¢ 30937 2714358 1.07 4 0.06
3 4296311 233313¢ 189675 988+2) 33.0%87 34613, 463783 28.27133 1.44 £+ 0.13
4222048 2327132 3425+ 122313 20.4%9 20.614¢ 22,6127 20. 3*” 1.25 +0.08
PG 0923+129 All 2461434 1711534 213817 1215739 46734 55118 6.2132 50185 0.56 4 0.04
PG 09474396 All 544072 2872733 3202428 202172} 34,4443 36.31%5 39.5138 414758, 5.85+ 043
522243 279738 3757438 165335 184780 1747133 15.9479 24.87143 5.68 +0.47
5156758 281673 5002712 1673712 385138 41.1782 41.8%13 448781 5.89 £ 0.51
3 5590734 290672 421673 147013 57147 4851319 32611 3494324 6.17 £ 0.13
5783%3] 2984738 6181758 1861735 469190, 489737,  20.41)%° 48.21124 5.78 +0.31
PG 10014054 All 1688721 132578 193343} 137078 9947138 68.07143 65.5135 6331174 4.46 + 035
3 1666711 1318*H 917+8) 840113 5767182 63.0133%  6475LL? 117.0743 4934022
PG 1048+342 All 2905+2] 1797418 214778 1175518 248%1%% 32671372 36.87%4 31.87]12 3.52 £ 0.41
1 3004734 1840+16 3043133 1449136 262188 25571 28.013¢ 33.61}14 3.02 £0.21
PG 11004772 All 573332 3449130 1122913 400238, 4497303 3747373 559439 48.67155, 41.95 +3.85
PG 1202+281 All 5199+% 203543 4255+% 1301708 985782 6647637 66.31%3 116.37374 3.42 +£0.32
4891713 3412113 3825138 1597512 50.075¢ 504779 487433 744783, 3.52 +£0.24
3 4863132 326073 3814733 1540733 7167335 68.7735¢ 69.573% 133.0728 3.45+£0.36
4949*16 3738+25 365835 142878 5337100 46531 6337133 79.4737¢ 3.22+0.21
PG 1211+143 All 1918793 1499448 1358+ 697+13 33.013%  47.550%8 53.0134 4374182 4.94 +0.56
PG 1310-108 All 3613*3‘2 197881 2425713 1092+3¢ 13.2138 12.573¢ 12.817 12.6%5% 0.33 £ 0.01
PG 13514640 All 762519 311478 2154*1% 1527437 68.61304  61.67513 74.8433 —31.5777% 4.87 4 0.69
PG 1351+695 All 5297+10 1871+¢ 447873 1583*12 18.6133 167744 19.9719 11.7789 0.50 + 0.06
PG 1501+106 All 500630 249047 415218 1986114 260729 240146 220103 1137307 1.03 +0.14
5081135 252873 3855713 2201718 24.13;038 6.1417%° 5053 117.0773, 1.20 £ 0.11
3 5002+ 2454%4] 4141%3 1384719 24,8414 249418 42,9792 25.9%39 1.03 4 0.09
471848 2378438 2945+17 1156714 322438 24.87168 437537 108.8735, 0.86 & 0.06
PG 1534-+580 All 42174731 3180783 2362411 1142439 260137 35573 25.4129 28.2193 0.48 +0.03
PG 1613+658 All 10,269753 3927+13 676273, 3504413 512733 5587193 52.473% 27.671398 8.62 + 1.04
1 98667118 3907714 12817%35 465418 497792, 429730 79.343% 91.8+199 9.36 + 1.16
2 10,9983 3926117 11469%% 4196439 463173 459114 483739 —191.103%? 8.34 4+ 0.85

Note. The line widths of the rms spectra of PG 0049+171, PG 09474396, PG 12024281, PG 13514640, and PG 1501+106 are measured from their continuum-
cleaned rms spectra (See Section 3.1). The broadening caused by the instrument and seeing has been corrected. For 5100 A luminosity, the galactic extinction
(Schlafly & Finkbeiner 2011) is corrected, but the host-galaxy contamination is not removed. The time lags in the table are in the rest frame.

light curves can perhaps differ. BLR dynamical modeling (e.g., measurements of individual seasons have comparable or
Pancoast et al. 2011, 2014; Li et al. 2013, 2018) can, in principle, significantly smaller measurement uncertainties.

give more reliable BH mass measurements if the BLRs deviate

from Keplerian/virialized motion, but this discussion stretches 3.7. Velocity-resolved Results

beyond the scope of the current paper. The best data sets here may
be good enough to allow dynamical modeling, which we shall
investigate in future work.

To investigate the BLR geometry and kinematics and their
potential changes over time for the present sample, we
calculated velocity-resolved lags (e.g., Bentz et al. 2009;

For each object, we list the measurements from the whole Denney et al. 2010; Grier et al. 2013; Du et al. 2016a; Hu et al.
light curve and from all of the seasons (except for the very poor 2020a) as a first step. We divided the emission lines into
ones) in Table 7 and mark the preferred values with a “v”” (the several bins, determined by the flux ranges in the rms spectra,
ones calculated from oyg in the rms spectra). We prefer to and measured their time lags with respect to the continuum
adopt the results with the smallest measurement uncertainties. using ICCF. The lags as functions of velocity are shown in
They are usually the values measured from the whole Figure 18. Similar to the BH mass measurements in
light curves, except for those objects for which the lag Section 3.6, because of the limitations of variation amplitudes

22
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Figure 17. Pairwise correlations between the measurements from ICCF, XZ, and MICA. The points in the same color are the time lags of different seasons (and the

entire light curve) for individual objects.

and S/N ratios, we cannot obtain the velocity-resolved lag
measurements for all of the objects for all individual seasons.
We did not calculate the velocity-resolved lags for the seasons
with poor data or no clear variations. For the objects with very
weak Hp signals in the rms spectra (see Section 3.1), we
instead determined their velocity bins using the mean spectra. It
has been demonstrated that using mean or rms spectra to
determine the velocity bins does not usually change the results
significantly (see more details in Paper I).

4. Discussion

One of the primary goals of the MAHA project is to
investigate the BLR geometry and kinematics as well as their
potential evolution in AGN BLRs with asymmetric HG lines,
which requires both long-term monitoring and high cadence.
More than half of the present sample (nine objects) have been
monitored for 4-5 yr with cadences of ~3-8 days. Among
them, six objects (see Table 7) show clear variations in more
than one season and can be used to investigate the potential
evolution in their BLR responses. Here we discuss the
measurements of the individual objects and compare them
with the previous results in the literature.

4.1. Notes for Individual Objects

PG 0007+106 (Mrk 1501, IIl Zw 2): 1t is a radio-loud AGN
and showed a 5.1 yr quasiperiodicity in its radio light curve,
which can perhaps be explained by the helical motion of a jet
(Terdsranta et al. 2005; Li et al. 2010). In our RM campaign,
Hp time lags of ~14-25 days (MICA) were measured for
different seasons. From the four seasons and the combined light
curve, BH mass measurements of 4—7 x 107M@ were obtained
using the line dispersion for the velocity measurement
(7.031931 x 10'M,, is preferred). The previous RM campaign
of this object (Grier et al. 2012) gave a time lag of 15.5733 days
and a BH mass of log(M./M.) = 7.9703 was measured from
BLR dynamical modeling (Grier et al. 2017). Our BH mass is
in excellent agreement with that from Grier et al. (2017). In all
of the four seasons, the velocity-resolved lags in Figure 18
show longer lags at small velocities and shorter lags at high
velocities, which indicates that its BLR is dominated by
virialized motions or a Keplerian disk (the data quality in
Seasons 1 and 4 is relatively poorer). In Seasons 2 and 3, the
velocities corresponding to the blue wing of the line have
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slightly longer lags than the red wing, implying a potential
contribution of inflowing velocity besides the Keplerian/
virialized motion in its BLR. Similarly, the BLR modeling in
Grier et al. (2017) suggested that its BLR kinematics is a
combination of near-circular elliptical and inflowing orbits.
However, the velocity-resolved lags in Grier et al. (2013)
showed a stronger inflowing signature. In our campaign, the
Hg profile is almost the same as that in Grier et al. (2012) and
also similar to those seen in much earlier single-epoch spectra
(De Robertis 1985; Boroson & Green 1992; Marziani et al.
2003a). Note that the excess red emission in the Hg profile for
this object is not well characterized by the De Robertis
asymmetry parameter A. The A parameter measures the blue or
red extension of line wing. The red wing of the H3 in PG 0007
4106 does not extend too much with respect to its line core.
Instead the flux excess can be quantified by a systematic
velocity shift (e.g., “Hf shift” in Table 2 of Boroson &
Green 1992). The relation between the BLR kinematics and
emission-line profiles (including the velocity shift) will be
discussed in detail in a forthcoming paper.

PG 0049+171 (Mrk 1148): The profile of its broad HS is
slightly red asymmetric and showed no significant change
during our campaign. Its profile remains similar to that in De
Robertis (1985) and Boroson & Green (1992). The HpS
response in Season 4 is the best among the seasons. It gives
a BH mass of 2.95703] x 10'M,. Considering that the line
signal in the rms spectrum of Season 4 is not very significant (it
is better in the continuum-cleaned rms spectrum), we prefer to
use the mean spectrum to determine the velocity bins in the
velocity-resolved analysis. In the velocity-resolved analysis,
the plateau of the HQ light curve at the end of Season 1 is too
short to give a good constraint in some of the velocity bins;
thus the lags at different velocities in Season 1 are not very well
resolved. The velocity-resolved lags for the other seasons
(Seasons 2, 3, 4) are almost the same and show longer lags in
low-velocity bins and shorter lags at high velocities. Similar to
PG 00074106, which is the signature of a Keplerian disk or
virialized motion. Moreover, compared to Season 3, the
velocity-resolved lags in Seasons 2 and 4 look more symmetric.
The lags for the blue wing for Seasons 3 are shorter than those
for its red wing, which indicates a potential contribution from
outflow in this season. The differences between Seasons 2, 3,
and 4 may imply that the response region of the BLR in
PG 0049-+171 is undergoing some minor changes.
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Table 7
Virial Products and Masses of the Black Holes
Target Season VP (Mean) BH mass (rms) Note
; RH;VN;HM /G 112 % Ruy Viwnm/G 447 X Rusote/G
(x10"M,) (x10'M.) (x10'M.)
PG 0007+106 All 14.16708 13.1870%¢ 703193 v
1 13.10%339 14.8473% 7317158
10.5673%2 9.18+%37 6.07:3%
3 827118 6271112 3.84708
4 10.86714} 9.97749) 4.40+04
PG 00494171 All 14.024293 7.13+059 4911042
1 13.92433% 7.18+13 4497078
11.83733; 5774968 507798
3 16.69+2% %0 3.641306 3957333
7.8543:92 579019 2.954037 v
PG 0923+129 All 0.7493 0.627932 0.817: gg v
PG 09474396 All 22794212 9357991 14.06742
8.47+372 4917318 3.8011¢7
21707533 22877524 10.227938 v
3 19.90%37%; 1268452 6.1623%
19.167533 245245833 8.8773%3
PG 10014054 All 3.651032 535004 1073113 v
3 3.5070% 119793 3.99%) ?;?
PG 1048+342 All 6.0773¢1 3.71593% 4. 44t°2; v
1 4.94t8_§2 5.687) 08 5145096
PG 1100+772 All 35.861097 154.057832 78.1313% v
PG 1202281 All 34997127 26.257998 9.80704 v
22767166 15.593,;; 10857982
3 32.08+32! 2210748 14,3914
30.261¢ %g 18517359 11264341
PG 1211+143 All 3.81403 214753 225702 v
PG 1310-108 All 3255133 1647533 1.337929 v
PG 1351+640 All 84957338 7.607931 15.24758¢ v
PG 1351+695 All 10.881931 8.715048 4357924 v
PG 15014106 All 10.767932 8.290: }2 75792
2. 51+0.66 1 61+042 2. 28+8gg
3 2095484 16.08+37} 7175458 v
18.97714 8.28°07) 509704
PG 15344580 All 8.8013:21 3.000% 2.891033 v
PG 1613+658 All 107.82+1%70 52.36342 56.13738 v
1 150.70+l].72 284.85+21']4 149. 95+ll.16
2 114.07]33% 138.957 1433 74247153

Note. The VP are calculated from the FWHM of mean spectra. BH masses are estimated using the FWHM and the sigma of rms spectra. The propagation errors are
from line widths and time lags, and the uncertainties of f factor is not considered here. The last column notes the data set we preferred for the BH mass measurement.

PG 0923+129 (Mrk 705, Ark202): We have only data of
one season for this object and they varied strongly only toward
the end of our campaign. An Hf3 time lag is reported here for
the first time. The time lag measured from MICA is 6.2733
days and the corresponding preferred BH mass is
0.8173% x 10’M,,. The broad HJ3 profile is slightly red
asymmetric, and neither the Fe II or [O III] lines are particularly
strong. Its velocity-resolved lags are clearly longer at blue
velocities and shorter at red velocities, which is the signature of
inflow (see Figure 18).

PG 0947+396: Its HG profile shows a red asymmetry and
has no obvious changes compared with previous spectra
published by Boroson & Green (1992) and Shang et al. (2007).
Time lags can be detected for each of its four seasons, although
the uncertainties for the second season are the smallest because
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of its stronger continuum variation and clear H3 response (See
Section 3.1). The MICA measurement from the entire light
curve is consistent with the single-season result from Season 2
(39.5738 days versus 41.8"13 days). The lag in Season 2 yields
a preferred BH mass of 1.0270%% x 108M,. Its velocity-
resolved lags in Seasons 1, 3, and 4 are generally symmetric
with longer lags at small velocities and shorter lags at high
velocities, which is the signature of a Keplerian disk or
virialized motion (similar to PG 0007+106 and PG 0049
+171). The lags at blue velocities are a little longer than those
at red velocities in Seasons 1 and 3, while the opposite is the
case in Season 4. While this effect is not very pronounced, it
may imply weak contributions from inflow and outflow,
respectively. It is a little strange that the lags at different
velocities in Season 2are not fully resolved, although the



