
PG 1048+342: The profile of its broad Hβ shows a more
significant red asymmetry compared to the profiles in Boroson
& Green (1992) and Kaspi et al. (2000), but it displayed no
significant changes over the four seasons in our campaign.
Kaspi et al. (2000) did not manage to sample this object
sufficiently to successfully measure the time lag of its Hβ line.
The clear variation (especially in Season 1 and in the entire
light curve) enables us to give a reliable measurement of its Hβ
time lag for the first time. The time lag measured from the
entire light curve (36.8 3.4

2.4
-
+ days) using MICA has smaller

uncertainties than that from Season 1 (28.0 4.8
5.6

-
+ days) and is thus

preferred for the BH mass determination, which we calculate to
be M4.44 100.42

0.31 7´-
+

. The longer lags at blue velocities and
shorter lags at red velocities measured from Season 1 show the
signature of inflow.

PG 1100+772 (3C 249.1): Although the variability of Hβ
(Fvar= 1.6%) is much smaller than that of the 5100Å
continuum flux (Fvar= 8.9%, see Table 3), we can still
measure a Hβ time lag using MICA. The ICCF and χ2

methods cannot give reliable measurements to the lags because
of the small line variation amplitude. The profile of its broad
Hβ shows clear red asymmetry. The time lag measured from
the entire light curve is 55.9 1.4

3.0
-
+ days and the BH mass is

M7.81 100.47
0.54 8´-

+
. It is a radio-loud object (Fanaroff–Riley II)

with asymmetric radio lobes and has an extended emission-line
region. Its jets and its extended emission-line region were
suggested to originate from the merger of the host galaxy of a
gas-poor quasar and a large late-type galaxy (Stockton &
Mackenty 1983; Gilbert et al. 2004; Fu & Stockton 2009).
Because of the small variation of Hβ flux, the profile of the rms

spectrum is poorly constrained. The lags at different velocities
are only marginally resolved. On average, the lags at blue
velocities are shorter than those in the red, which may indicate
an outflow (not on a significant scale because of the small
variation amplitude).
PG 1202+281 (GQCom): The Hβ time lag is reported here

for the first time. The profile of its broad Hβ shows a red
asymmetry. The peak of Hβ was blueshifted in previous spectra
from Boroson et al. (1985), Boroson & Green (1992), Kaspi
et al. (2000), and Shang et al. (2007); however such a blueshift
does not seem so evident during our campaign. The light
curves in Seasons 1 and 3 (and the entire light curve) show
clear variations and can give reliable lag measurements.
However, the lag measured from the entire light curve has
the smallest uncertainties and is preferred for the BH mass
determination. This yields a BH mass of M9.80 100.46

0.44 7´-
+

.
Similar to PG 0049+171, we use the line profiles in the mean
spectra to determine the velocity bins in the velocity-resolved
analysis because of the relatively poor quality of the rms
spectra. Its velocity-resolved lags generally show the signature
of inflow (see Seasons 1 and 3; the lags at blue velocities are
longer than the red ones).
PG 1211+143: The X-ray and UV observations suggest that

this object has ultrafast outflows (Pounds et al. 2003; Danehkar
et al. 2017). It is therefore interesting to investigate the
kinematics of its BLR through RM. As a narrow-line Seyfert 1
galaxy, this object was monitored from 1991 to 1998 by Kaspi
et al. (2000) and showed a Hβ time lag of 93.2 29.9

19.7
-
+ days (Kaspi

et al. 2005). Because the variation of its light curve in the
previous campaign (Kaspi et al. 2000) was slow and the
cadence was also not very high, the past result has relatively

Figure 18. (Continued.)
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large uncertainties. Given the higher cadence in our campaign
(∼4 days), the time lag becomes better defined, and we find it
to be significantly shorter (53.0 5.8

5.1
-
+ days). The BH mass of

M Mlog 7.87• 0.19
0.19( ) = -

+
 given in Peterson et al. (2004) is

larger than the value reported here ( M2.14 100.24
0.21 7´-

+
 or

M2.25 100.28
0.25 7´-

+
 from the FWHM or σline of the rms

spectrum). The longer lags at blue velocities and the shorter
at red (see Figure 18) suggest an inflowing BLR. This is the
first determination of the BLR kinematics in this object.

PG1310−108: The Hβ time lag is reported here for the first
time. This object historically showed an Hβ profile with a
strong and extended red wing (Boroson & Green 1992). The
Hβ light curve shows clear response to the varying continuum
with a time lag of 12.8 1.7

1.7
-
+ days. The BH mass measured from

our campaign is M1.33 100.22
0.20 7´-

+
. Its lags at different

velocities are not successfully resolved.
PG 1351+640: Kaspi et al. (2000) monitored this object in

1991–1998 but did not find a reliable Hβ lag measurement
because of the relatively low cadence and large scatter of points
in the light curve. Our data demonstrate significant variations
and clear responses. The ICCF and MICA results are consistent
with each other. The rms spectrum shows some residual signal
around the [O III] wavelengths, which may originate from the
variations in the contribution of the broad He Iλ4922,5016
lines (e.g., Jackson & Browne 1989) or a broad component of
[O III] (e.g., Zakamska et al. 2016). The Fe II lines in this object
are weak (see Table 8), so this residual signal is less likely from
Fe IIλ4924,5018 lines. Because of the long-term variation
timescale, we did not separate the light curves into different
seasons. The time lag measured from the entire light curves in
our campaign is 74.8 2.3

2.3
-
+ days, and the BH mass is

M1.52 100.06
0.07 8´-

+
. Similar to PG 0049+171, we used the line

profile in the mean spectrum to determine the bins of velocity-
resolved analysis because of the relatively lower S/N ratio of
the rms spectrum. The inferred BLR kinematics is Keplerian/
virialized motion.

PG 1351+695 (Mrk 279): Its Hβ variation amplitude in the
present campaign is around Fvar= 27%, which is stronger than
the continuum variability (Fvar= 12%), probably because the
continuum flux is diluted by the contribution from its host
galaxy. This object was first monitored from 1987 December to

1988 July with 39 points by Maoz et al. (1990), who reported a
Hβ time lag of 12± 3 days. After that, it was monitored again
from 1996 January to 1996 July by Santos-Lleó et al. (2001),
giving a lag of 16.7 5.6

5.3
-
+ days. More recently, Barth et al. (2015)

reported a new RM measurement for this object from 2011
March to 2011 June, with a time lag consistent with the
previous measurements (see also Williams et al. 2018). The
time lag in the present paper is 19.9 1.0

1.0
-
+ days, and the derived

BH mass is M4.35 100.23
0.24 7´-

+
. Its velocity-resolved lags show

a Keplerian disk or virialized motion of the BLR with probable
contributions from inflow (see Figure 18).
PG 1501+106 (Mrk 841): We monitored this object for 4 yr

(from 2017 to 2020). The light curve of the first season was
published in Paper II. In the present paper, we slightly adjusted
the window for measuring the Hβ fluxes in order to make sure
that the variation signals in the rms spectra of all four seasons
are covered. We used PyCALI (Li et al. 2014) to perform the
intercalibration of the spectroscopic and photometric con-
tinuum light curves, which is different from the simple linear
regression method in Paper II. This also makes the time lag
measured from Season 1 slightly different but within 1σ
uncertainties with respect to the value provided in Paper II. The
variation of Season 2 is too weak to give a good constraint to
the time lag; however Seasons 3 and 4 show clear and strong
Hβ responses. It should be noted that the peak around JD
∼2458700 days in the Hβ light curve in Season 3 and the
trough around JD ∼2459000 days in Season 4 are both
narrower than their corresponding features in the continuum
light curve (see Figure 14). This phenomenon makes the
transfer function calculated through MICA for Seasons 3 and 4
have a second very broad component in addition to the primary
narrow peak (see Figure 14). Although Season 3 has a very
broad component in the transfer function from MICA, we still
prefer to use the lag from this season in the BH mass
measurement because its variability is the strongest during the
campaign. The three methods (ICCF, χ2, and MICA) yield
generally consistent time lags for Season 3. The preferred BH
mass measurement is M7.17 100.79

1.66 7´-
+

, which is slightly
larger than the measurement in Paper II. U et al. (2022)
monitored this object one year before our campaign although
their light curves are of shorter duration. They obtained a BH
mass measurement ( M4.7 101.6

2.6 7´-
+

) slightly smaller than

Table 8
Hβ Asymmetry vs. BLR Kinematics

Target RFe Hβ Asymmetry BLR Kinematics

PG 0007+106 0.48 Symmetric Keplerian/Virialized + weak inflow
PG 0049+171 0.13 Red Keplerian/Virialized + weak outflow
PG 0923+129 0.53 Red Inflow
PG 0947+396 0.33 Red Keplerian/Virialized + weak inflow/outflow
PG 1001+054 0.89 Blue Outflow
PG 1048+342 0.28 Red Inflow
PG 1100+772 0.05 Red Outflow
PG 1202+281 0.19 Red Inflow
PG 1211+143 0.51 Blue Inflow
PG 1310-108 0.23 Red Unresolved
PG 1351+640 0.20 Red Keplerian/Virialized
PG 1351+695 0.47 Symmetric Keplerian/Virialized + inflow
PG 1501+106 0.26 Red Inflow
PG 1534+580 0.21 Red Complicated
PG 1613+658 0.57 Red Inflow

Note. RFe is the flux ratio of Fe II and Hβ emission lines measured from our campaign (from an individual exposure with a high S/N ratio).
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ours in the present paper (but within 1σuncertainties). The
velocity-resolved lags in Season 1 are not clear, as reported in
Paper II, but both of the velocity-resolved lags in Seasons 3 and
4 show definite inflow signatures. This is consistent with the
BLR kinematics reported by U et al. (2022).

PG 1534+580 (Mrk 290): This object was monitored before
by Denney et al. (2010) who reported a time lag of 8.72 days in
the rest frame. We measured a time lag of 25.4 1.4

2.0
-
+ days, which

is much longer than the result reported in Denney et al. (2010). It
is not unexpected because, with a similar spectroscopic aperture,
the fluxes in our campaign (∼ 3.9×10−15 erg s−1 cm−2Å−1) are
much higher than those (∼ 0.9× 10−15 erg s−1 cm−2Å−1) in
Denney et al. (2010). The BH mass obtained from our campaign
is M2.89 100.19

0.25 7´-
+

 and is almost the same as that determined
by Denney et al. (2010). Denney et al. (2010) did not resolve the
lags at different velocities. In our campaign, the data also do not
allow us to give high-quality velocity-resolved lag measure-
ments. However, the general structure of velocity-resolved lags
implies complicated BLR geometry or kinematics.

PG 1613+658 (Mrk 876): This object was monitored during
1991–1998 (Kaspi et al. 2000) and a Hβ time lag of 40.1 15.2

15.0
-
+

was reported (Kaspi et al. 2005). The trough of the Hβ light
curve is in the gap in Season 1, which gives a poorer constraint
to the time lag than from Season 2. The Hβ time lag measured
from Season 2 (with better data quality) is 48.3 3.8

5.0
-
+ days, which

is similar to the value in (Kaspi et al. 2005) but much better
constrained. The profile of broad Hβ shows a strong red
asymmetry and does not show significant changes compared to
that of Boroson & Green (1992), Erkens et al. (1995), and
Kaspi et al. (2000). However, the Hβ profile plotted by De
Robertis (1985) shows a much stronger red wing and a slightly
blueshifted peak. The radius of the innermost part of its dusty
torus (334.1 37.0

42.4
-
+ days) was measured by infrared reverberation

mapping (Minezaki et al. 2019) and is larger by a factor of ∼7
compared with the BLR size in the present paper. Similar to the
average lag determination, the gap in Season 1 makes the
velocity-resolved lag measurement somewhat unreliable. The
velocity-resolved lags of Season 2 indicate that its BLR is
dominated by inflow.

4.2. H β Asymmetry and BLR Kinematics

To investigate if there is any correlation between the Hβ
asymmetry and BLR kinematics, we make a short summary in
Table 8. Although the size of the present sample is limited, it is
obvious that the kinematics of the Keplerian/virialized motion
and inflow is more common than outflow, in particular in the
objects with broader Hβ (e.g., FWHM (Hβ)  4000 km s−1,
corresponding to Population B in Marziani et al. 2003b),
similar to the cases reported in the literature (e.g., Bentz et al.
2009; Denney et al. 2010; Grier et al. 2013; Du et al. 2016a). It
appears that the asymmetry of the emission line does not
directly correlate with the BLR kinematics (e.g., red-asym-
metric lines can be associated with inflow, outflow, or
Keplerian/virialized BLR kinematics). This is consistent with
the fact that the emission-line profile is the integration of the
clouds in BLR and has relatively stronger degeneracy than the
velocity-resolved lags for the BLR geometry and kinematics.
The flux ratios of Fe II (from 4434 to 4684Å) and Hβ lines
(RFe) are also listed in Table 8.

Parameter A listed in Table 1 is measured from an individual
exposure with a high S/N ratio. We have checked that the
variation in A is relatively weak (although not zero) for each

object during the campaign. The “blue” or “red” asymmetry did
not change in our observations. It is the same as expected
because the varying part of the emission line is only a small
portion of the entire profile. This can be justified from the much
weaker emission lines in the rms spectra with respect to those
in the mean spectra (see Figures 2–16). Therefore, it is enough
to list parameter A measured from one individual exposure for
exhibiting the blue or red asymmetry of the emission-line
profiles for the present sample.

5. Summary

In this third paper of the series, we present the RM
measurements of 15 PG targets from the MAHA project. Our
campaign has both long-term duration (spans from 1 to 5 yr for
different objects) and high cadence. We successfully measure
reverberation time lags between the continuum and Hβ light
curves for individual seasons using three different methods
(ICCF, χ2, and MICA). ICCF and MICA show more consistent
results, while the χ2 method demonstrates slightly larger
scatter. The BH masses of PG 0049+171, PG 0923+129,
PG 0947+396, PG 1001+054, PG 1048+342, PG 1100+772,
PG 1202+281, PG 1310−108, PG 1351+640 are reported for
the first time. The velocity-resolved lags of the objects are also
measured and show very diverse kinematics (virialized, inflow,
and outflow signatures). The results from the present sample
suggest that the BLR kinematics of Keplerian/virialized
motion and inflow is more common than that of outflow.
Future BLR modeling will investigate their BLR geometry and
kinematics in more detail.
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