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ABSTRACT

We have recently completed a 64-night spectroscopic monitoring campaign at the Lick Observatory 3-m
Shane telescope with the aim of measuring the masses of the black holes in 12 nearby (z < 0.05) Seyfert 1
galaxies with expected masses in the range ~ 10°~107 M, and also the well-studied nearby active galactic
nucleus (AGN) NGC 5548. Nine of the objects in the sample (including NGC 5548) showed optical variability
of sufficient strength during the monitoring campaign to allow for a time lag to be measured between the con-
tinuum fluctuations and the response to these fluctuations in the broad Hj3 emission, which we have previously
reported. We present here the light curves for the Ha, Hy, He II A4686, and He I A5876 emission lines and the
time lags for the emission-line responses relative to changes in the continuum flux. Combining each emission-
line time lag with the measured width of the line in the variable part of the spectrum, we determine a virial
mass of the central supermassive black hole from several independent emission lines. We find that the masses
are generally consistent within the uncertainties. The time-lag response as a function of velocity across the
Balmer line profiles is examined for six of the AGNs. We find similar responses across all three Balmer lines
for Arp 151, which shows a strongly asymmetric profile, and for SBS 1116+583A and NGC 6814, which show
a symmetric response about zero velocity. For the other three AGNs, the data quality is somewhat lower and the
velocity-resolved time-lag response is less clear. Finally we compare several trends seen in the dataset against
the predictions from photoionization calculations as presented by Korista & Goad. We confirm several of their
predictions, including an increase in responsivity and a decrease in the mean time lag as the excitation and
ionization level for the species increases. Specifically, we find the time lags of the optical recombination lines
to have weighted mean ratios of 7(Ha) : 7(HB) : 7(H7) : 7(He 1) : 7(He 1) = 1.54 : 1.00: 0.61 : 0.36 : 0.25. Fur-
ther confirmation of photoionization predictions for broad-line gas behavior will require additional monitoring

programs for these AGNs while they are in different luminosity states.
Subject headings: galaxies: active — galaxies: nuclei — galaxies: Seyfert
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1. INTRODUCTION

Active galactic nuclei (AGNs) are some of the most ener-
getic objects in the Universe, radiating at luminosities above
10% ergs™, and yet their continuum emission is known to
vary on timescales as short as days. The size constraints set
by such rapid variability mean that the extreme energy output
of AGNs, often comparable to or more than the energy out-
put of all the stars in a typical galaxy, must originate within a
region whose size is ~ 0.01 pc (approximately the size of our
Solar System). This large amount of energy arising from such
a small region is theorized to be the result of gravitational ac-
cretion onto a supermassive black hole (e.g., Rees 1984).

For even the nearest AGNs, the region in which the con-
tinuum emission arises is only microarcseconds in angular
size and is therefore unresolvable with current imaging de-
tectors. Dedicated monitoring programs have instead taken
advantage of the fast, and often dramatic, variability of AGNs
to completely revise our understanding of the physical condi-
tions present in the gas on these small scales.

Early monitoring programs with monthly sampling found
that variations in the broad emission lines promptly followed
variations in the continuum flux, putting an upper limit on
the size of the broad-line region (BLR) of only a light-month
for typical Seyfert galaxies (e.g., NGC4151: Antonucci &

18 Lick Observatory, P.O. Box 85, Mount Hamilton, CA 95140.
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Cohen 1983; Ark 120: Peterson et al. 1985). Especially in
the case of Ark 120, this upper limit was surprising, as the
size of the BLR was expected to be an order of magnitude
larger, based on photoionization models (e.g., Kwan & Kro-
lik 1981; Ferland & Mushotzky 1982). Higher temporal sam-
pling has since confirmed the size of the BLR for typical
nearby Seyferts to be only a few light-days.

In addition, densely sampled monitoring programs have
discovered that higher ionization lines respond more promptly
(and more strongly) to continuum variations than lower ion-
ization lines (e.g., Clavel et al. 1991), indicating radial ion-
ization stratification throughout the BLR, contrary to the
previous single-cloud models where all emission lines were
thought to arise from the same location. More recent models
such as the “locally optimally emitting cloud” (LOC) model
(Baldwin et al. 1995) predict ionization stratification as a nat-
ural outcome. In the LOC model, a range of cloud parameters
is present in the BLR and the emission that we happen to see
as observers arises from selection effects working within the
BLR such that the majority of the emission from a specific
line will come from a location where the parameters are most
conducive to the production of that line.

A further discovery of monitoring programs is that the BLR
appears to be virialized; the distance to a specific region in the
BLR is inversely proportional to the square of the gas velocity
in that region. This was first conclusively shown for the most
well-studied AGN, NGC 5548 (Peterson & Wandel 1999; see
also Krolik et al. 1991), where 7 ox V2, with 7 the broad emis-
sion line time lag relative to changes in the continuum flux
(i.e., the BLR light-crossing time), and V the velocity width
of the broad line. Subsequent studies have also shown this to
be true for several additional AGNs (e.g., Onken & Peterson
2002; Kollatschny 2003). This behavior is consistent with the
fact that the BLR gas is under the gravitational dominance of
the central supermassive black hole, and so the response of
the BLR gas can be used to learn about the mass of the black
hole.

To date, black hole masses have been determined for some
44 AGNs (Peterson et al. 2004, 2005; Bentz et al. 2009).
The most recent additions come from the Lick AGN Moni-
toring Program (LAMP), a dedicated 64-night spectroscopic
monitoring campaign using the Lick Observatory 3-m Shane
telescope and supplemented by four small-aperture telescopes
employed in photometric monitoring. First results from
LAMP were presented by Bentz et al. (2008) (hereafter Pa-
per ), followed by a full presentation of the photometric light
curves (Walsh et al. 2009; hereafter Paper II) and the HS light
curves and analysis (Bentz et al. 2009; hereafter Paper III),
and a re-examination of the Mgy — o, relationship for AGNs
(Woo et al. 2010; hereafter Paper IV). In this work, we present
the light curves and analysis for the additional broad optical
emission lines in the LAMP sample, namely Ha, Hv, He I
A4686, and He I A5876. We compare the results for these
optical emission lines with results from previous monitoring
campaigns, as well as with recent theoretical predictions of
BLR behavior based on photoionization models.

2. OBSERVATIONS

The LAMP sample of AGNs is comprised of 12 nearby
(2 < 0.05) Seyfert 1 galaxies with single-epoch black hole
mass estimates in the range ~ 10°—10" Mg, expected Hf3
lag times of 5 —20 days, and relatively strong broad-line com-
ponents to their HS emission lines. In addition, we include
NGC 5548, the most well-studied AGN with over a decade of

densely sampled monitoring data and a well-determined black
hole mass from reverberation mapping of 6.54*33% x 10" M,
(Bentz et al. 2007, and references therein), for a total of 13
targets.

Each of the AGNs was monitored both photometrically
(Johnson B and V bands) and spectroscopically. Details
of the photometric monitoring and data processing are pre-
sented in Paper II. In short, four auxiliary telescopes were em-
ployed to monitor subsets of the LAMP sample — the 0.76-m
robotic Katzman Automatic Imaging Telescope (KAIT), the
2-m Multicolor Active Galactic Nuclei Monitoring telescope,
the Palomar 1.5-m telescope, and the 0.8-m Tenagra II tele-
scope. The photometric monitoring began in early February
2008 and was increased to nightly monitoring on 2008 March
17 (UT, both here and throughout), approximately two weeks
before the onset of the spectroscopic monitoring. The images
were reduced following standard techniques and differential
photometry was employed to determine the brightness of the
AGN:s relative to stars within the field of view. Absolute cal-
ibrations were set by observations of Landolt (1992) standard
stars. Finally, a simple galaxy disk model was determined for
each AGN host galaxy from images obtained on a night with
good seeing and clear skies. The modeled disk flux deter-
mined to be within the photometric aperture of the AGN was
subtracted from the final AGN light curves. No correction
has been attempted for the contribution of bulge light, as the
bulge and AGN point-spread function are indistinguishable in
the ground-based imaging.

Details of the spectroscopic monitoring and processing are
presented in Paper III. To summarize, spectroscopic monitor-
ing was carried out over 64 nights at the Lick Observatory 3-m
Shane telescope between 2008 March 25 and June 1. The red
CCD of the Kast dual spectrograph was employed with the
600 lines mm™! grating (resulting in spectral coverage over
4300-7100A), giving a nominal resolution of 2.3510Xpix_1
in the dispersion direction and 078 pix~! in the spatial di-
rection. A 4”-wide slit was used and each target was ob-
served at a fixed position angle. IRAF'® was employed for
the reduction of the two-dimensional spectroscopic images
and the extractions of the one-dimensional spectra. Flux cal-
ibrations were determined from nightly spectra of standard
stars, which typically included Feige 34 and BD+28°4211. A
final, internal calibration of the spectra was accomplished us-
ing the spectral scaling algorithm of van Groningen & Wan-
ders (1992). The algorithm scales the total flux of the narrow
[O 1] AA4959, 5007 doublet in each spectrum to match the
[O 11] flux in a reference spectrum created from the mean of
all the spectra for a given object.

As the [O II] doublet is very close in wavelength to the
Hp emission line, the HS line is the most accurately cali-
brated broad line for each of our galaxies. Ha, while being
much brighter than Hp, is ~ 1700 A redward of Hf in the
observed frames of these galaxies, and is near the red edge
of our spectroscopic coverage. Unfortunately, there exists no
similar strong, unblended narrow emission line near Ha.. The
[S11] doublet at AAN6716, 6731 is fairly weak and, at the typical
redshifts for the LAMP AGNs (z~ 0.01), was often affected
by the atmospheric B-band absorption at ~ 6860 — 6890 A,
making it an unacceptable choice for internal scaling of the

19 IRAF is distributed by the National Optical Astronomy Observatories,
which are operated by the Association of Universities for Research in As-
tronomy, Inc., under cooperative agreement with the National Science Foun-
dation.
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spectra. Therefore, we have simply applied the scaling de-
termined for the HS + [O 1I] complex to the Ho region as
well, even though it may not be entirely accurate due to aper-
ture effects that can vary with wavelength (e.g., differential
atmospheric refraction, wavelength-dependent seeing). The
H~ line is much less affected by these issues, as it is closer
in wavelength to the H/3 line, although the data quality of Hvy
also occasionally suffers from being close to the blue edge of
our spectroscopic coverage.

For each of the final, calibrated spectra, spectroscopic light
curves were measured by fitting a local, linear continuum un-
der the broad emission line and integrating the emission-line
flux above the fitted continuum. This technique includes the
flux contribution from the narrow emission lines, but the con-
tribution is just a constant flux offset. Table 1 lists the nine
LAMP targets for which we were able to measure HS time
lags, and Table 2 gives the continuum windows and line in-
tegration limits for the broad, optical emission lines in each
of these nine AGNs. Also listed in Table 2 are the means
and standard deviations of the emission-line fluxes. In Pa-
per III, we discuss four objects in the LAMP sample which
did not have reliable HS time lags (IC 4218, MCG-06-30-15,
Mrk 290, and IC 1198). We do not find any evidence for reli-
able time lags in any of the additional optical broad-line light
curves from any of these four objects, and so we exclude them
from further discussion. Emission-line light curves for the
nine LAMP AGNs are presented in Tables 3—11 (we include
here the first five epochs of the light curves as a guide; the
entirety of the tables are available in the online journal). Fig-
ures 1-9 display the B- and V-band light curves, the emission-
line light curves, and the mean and root-mean-square (rms)
spectra for each object.

Statistical properties of the light curves are listed in Ta-
ble 12 along with the properties of the B- and V-band light
curves and the 5100 A flux for comparison. Column (1) lists
the object, column (2) gives the feature, and column (3) lists
the number of measurements in each light curve. Through-
out this analysis, we binned all photometric measurements
within 0.1 days. Columns (4) and (5) are the sampling in-
tervals between data points, measured as the mean and me-
dian, respectively. Column (6) gives the mean fractional er-
ror, which is based on the comparison of observations that are
closely spaced in time. The “excess variance” in column (7)
is computed as

Ny
(f) -

where o2 is the variance of the fluxes, 62 is their mean-square
uncertainty, and (f) is the mean of the observed fluxes. Fi-
nally, column (8) is the ratio of the maximum to the minimum
flux (Ryax) for each light curve.

Fvar =

ey

3. ANALYSIS
3.1. Time-Series Analysis

For each object, we determined the time lags for all of the
broad optical emission lines in the LAMP spectra (Ha, HS,
H~, He II \4686, and He I \5876) relative to the two con-
tinuum light curves (B and V) measured from the photomet-
ric monitoring. In Paper III, we describe in detail the cross-
correlation methods used for determining the time lags be-
tween the continuum light curves and the broad emission-line
light curves. Here we give a brief summary for completeness.

Time lags were measured using the interpolation cross-
correlation function method of Gaskell & Sparke (1986) and
Gaskell & Peterson (1987) with the modifications described
by White & Peterson (1994). Cross-correlation functions
(CCFs) are characterized by the maximum cross-correlation
coefficient (I'max), the time delay corresponding to the loca-
tion of I'nax (Tpeak), and the centroid of the points about the
peak (7eent) above some threshold value, typically 0.8rp,x.
The uncertainties in the time lags were determined using the
Monte Carlo “flux randomization/random subset sampling”
method described by Peterson et al. (1998, 2004), in which
the data points in each light curve are randomly sampled and
then randomly altered by a Gaussian deviation of the flux un-
certainty. The CCF is calculated for the sampled and modi-
fied light curves, and Imax, Teent, and Tpeak are measured and
recorded. A distribution of measurements is built up from
1000 realizations, and the means of the cross-correlation cen-
troid distribution and the cross-correlation peak distribution
are taken to be Teene and Tpeax, respectively. The uncertainties
0N Teen and Tpeak are defined such that 15.87% of the realiza-
tions fall above and 15.87% fall below the range of uncertain-
ties, which, for a Gaussian distribution, would correspond to
+lo.

Together with the photometric light curves and the broad
emission-line light curves in the top panels of Figures 1-9,
we also show the cross-correlation (auto-correlation) func-
tions for the emission-line (photometric) light curves. In gen-
eral, we find reliable time-lag measurements for all three of
the Balmer lines in the LAMP spectral coverage. In this case,
we define “reliable” as those CCFs for which (1) there is an
obvious peak with 7 > 0, (2) the correlations agree for both
the B and V bands, and (3) ry. > 0.4. The CCFs for the
He lines tend to be much noisier than for the Balmer lines and
more often fail our definition of reliability. For the reliable lag
measurements, Table 13 lists measurements of 7cen and Tpeax
in the observed and rest frame of each AGN for all the emis-
sion lines compared to both the B- and V-band light curves
(except for Mrk 202, where we list the “unreliable” measure-
ments for Ha for comparison with the rest of the sample). In
the following discussion, we will give preference to lag mea-
surements determined relative to the B-band light curve, since
the variations in the B band are typically stronger than in the
V band (see Papers II and III for a discussion of this topic).

3.2. Line-Wdth Measurement

The mean and rms spectra for each of the nine AGNs exam-
ined here are displayed in the bottom panels of Figures 1-9.
The rms spectra show the standard deviation per spectroscopic
pixel of all the individual spectra relative to the mean spec-
trum for an object. Thus, the rms spectra display the variable
spectral components.

For each emission line with a measured and reliable time
lag, the width of the line was measured in the mean and the
rms spectra. The helium lines appear as extremely low-level
features in the mean spectra, so only the rms line widths are
tabulated when measurements were possible. The details of
the techniques for measuring the line widths and their uncer-
tainties are described in Paper II1. For each line, we record the
width as determined by the full-width at half-maximum flux
(FWHM) and the second moment of the line profile, the line
dispersion (oijine). Each of the line-width measurements has
been corrected for the dispersion of the spectrograph in the
manner described in Paper I11.

In general, any constant spectral components, such as emis-
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sion from the host galaxy or narrow-line region (NLR), should
disappear in the rms spectra. However, in practice, small er-
rors in spectral calibration and residual aperture effects caused
by the combination of a nonzero slit size, atmospheric see-
ing, and a spatially resolved NLR, are often revealed by emis-
sion from constant components that appears in the rms spec-
tra. Unfortunately, several of the objects in the LAMP sam-
ple with strong narrow-line emission suffer from this problem
in the region of the Ha line. The typical correction for this
problem is to remove the narrow-line emission from each in-
dividual spectrum in a consistent manner, where the total flux
of each narrow line is a constant throughout the spectroscopic
campaign, before creating the mean and rms spectra. This
method works well for the narrow component of the H line
and the narrow [O III] lines in the LAMP spectra, where the
spectral calibration is most accurate; however, it does not cor-
rect the problem of residual narrow-line emission in the rms
profile of Ha. Attempts to remove the narrow Ha and [N I1]
AM6548,6583 lines in a consistent manner from each individ-
ual spectrum causes the residuals to be worsened in the rms
spectra. This indicates that the spectral calibration is not com-
pletely accurate at the wavelengths around Hav.

Rather than attempting to remove the narrow lines in a man-
ner that is not consistent from spectrum to spectrum (which
would introduce further biases into the line-width measure-
ments for Ha), we have revised the uncertainties in the Ho
rms line-width measurements to compensate for any bias from
residual narrow emission. For each of the objects, the rms
Ha profile was interpolated across in an attempt to exclude
the narrow emission, and the line width was measured and
compared to the width from the uncorrected rms spectrum.
For many of the objects, the interpolated line widths fell
within the uncertainties for the line width measurement. For
SBS 1116 and NGC 5548, where this was not the case, the
rms Ha line width uncertainty in the positive direction was
increased in quadrature by the difference of the corrected and
uncorrected line widths. As residual narrow-line emission
will always tend to bias the line-width measurement toward
smaller values, the correction to the line-width uncertainties
is asymmetric and only affects the uncertainty in the positive
(larger line width) direction.

A further complication appears upon examination of the Hvy
line in NGC5548. This emission line is very close to the
edge of the spectroscopic coverage, and in its current low-
luminosity state, the broad lines in NGC 5548 are extremely
broad — FWHM=: 10,000 km s™! compared to only a few
x 1000 km s~! for the other objects in the sample. It is likely
that the H~ line is not fully covered by the spectral range in
the LAMP dataset, and as such both the mean time lag (which
would only measure the response of part of the emission line)
and the line width of the Hv line in NGC 5548 are suspect.

Table 14 lists the rest-frame broad-line widths and their un-
certainties. The line-width measurements for H3 were al-
ready presented in Paper III, but we include them here for
comparison with the other emission lines.

3.3. Black Hole Mass
The mass of the putative black hole is determined from the
equation

crv?
Mgy = f%, )

where 7 is the mean time delay for a specific emission line, v

is the velocity width of the line, C is the speed of light, and G
is the gravitational constant.

The factor f in the above equation is a scaling factor of or-
der unity that depends on the detailed geometry, kinematics,
and emission processes of the line-emitting region. To date,
the value of f is unknown, both for individual galaxies and
the population average. Instead of adopting a value for f that
is based on assuming a specific model of the BLR, we adopt
the scaling factor determined in Paper IV of (f) ~5.2+1.2,
which is the value required to bring the AGN Mgy — 0, re-
lationship into agreement with the local, quiescent galaxy
Mgy — o, relationship. This particular value of the scaling fac-
tor is based on the union of the LAMP sample and the sample
previously considered by Onken et al. (2004), and is consis-
tent with the scaling factor determined by Onken et al. (2004)
((f) =5.5+1.8), which has been widely used in the litera-
ture and was used in Paper III describing the H3-based black
hole mass derivations for this sample. Although our adopted
value of f is derived for the specific case of H3, we will as-
sume in the following analysis that the virial coefficient is the
same for the lines discussed here. This choice is justified in
the absence of observational or theoretical arguments for a
varying f within the broad, optical recombination lines. As
we will show, the general agreement of virial products across
the emission lines considered here confirms that this choice is
appropriate.

Following the findings of Peterson et al. (2004), we use the
combination of 7 ey and ojjpe(rms) to determine the mass of
the black hole in each object from each individual emission
line. Table 15 lists the black hole mass calculated from each
individual broad emission line for the nine objects presented
in this work. We list both the “virial product,” which assumes
that f = 1, as well as the adopted black hole mass using the
scaling factor from Paper IV.

4. RESULTS
4.1. Time Lag, Line Width, and Mgy Consistency

NGC 5548, with its many years of monitoring data, was
the first AGN known to show a virial relationship between
time lag and line width, indicative of the motion of BLR gas
in a Keplerian potential (Peterson & Wandel 1999). In fact,
this virial relationship holds for all broad optical and ultra-
violet emission lines for which a time lag between the line
and the continuum has been measured, as well as for all the
measurements of HJ that have been taken over some 15 years
of monitoring campaigns (Bentz et al. 2007, and references
therein). Several additional AGNs have since been shown to
exhibit virial behavior of their broad emission lines as well,
such as NGC 3738 (Onken & Peterson 2002) and Mrk 110
(Kollatschny 2003). Figure 10 (top) shows the virial rela-
tionship between lag and line width for all measured emis-
sion lines in NGC 5548 as determined by Bentz et al. (2007),
with the measurements of Hoa and HS from LAMP marked
in red. The HS line measurements fall directly on the fit-
ted relationship, while the Ha line measurements lie above
the relationship, but within the scatter. Our earlier concerns
about the Hy line-width measurements are validated by the
fact that the H line measurements (marked with a gray cross)
lie far away from the locus of other emission-line measure-
ments and far below the fitted relationship. A least-squares fit
(McArthur et al. 1994) to all of the time-lag and line-width
measurements for NGC 5548, including the uncertainties in
both time lag and line width, yields a slope of —0.50 +0.07,
in excellent agreement with the expectation of —0.5 for a virial
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relationship. Comparing all of the My measurements from
individual emission-line reverberation results (Figure 10, bot-
tom), we see that the mass based on Hf falls where expected,
while that of Ha is somewhat high (albeit within the scatter).
The mass measurement based on the Hy measurements pre-
sented here is extremely low and inconsistent with previous
measurements.

Similar plots are presented for the other eight AGNs in Fig-
ure 11. In the left panels we show the relationship between
time lag and line width for each AGN, and the right panels
show the black hole mass determined from each line. With
only a small number of emission lines contributing to each
plot, we do not attempt to fit a power law to the relation-
ship between lag time and line width but instead display a
power law of the form v oc 779 with a dashed line to show
the expected behavior for a virial relationship. In general,
most objects are consistent with exhibiting virial behavior.
NGC 4253 is perhaps the least consistent, but the data qual-
ity for NGC 4253 is rather low given the weak variability in
the AGN during our monitoring campaign. In addition, we
only have measurements for three emission lines, so the in-
consistency is not surprising. In the right panels, we show the
black hole mass as a function of emission-line wavelength.
Gray bands show the range allowed by the 1o uncertainties in
the black hole mass determined from the Hf line (our most
well-calibrated emission line) for comparison with the black
hole mass determinations from other lines. Again, the results
are generally consistent within a particular object except for
NGC 4253, but the black hole mass is simply a combination
of the line width and lag time, for which we have somewhat
poor measurements in this object.

4.2. Velocity-Resolved Lag Measurements

Reverberation mapping seeks to fully map out the response
of the line-emitting gas in the BLR as a function of both time
and velocity. In Paper III we describe the expected behav-
ior of three simple kinematic models of the BLR (pure radial
infall, ballistic outflow, and circular orbits in a Keplerian po-
tential) with the same geometric and radiation parameters for
each model (see Figure 10 of Paper III for a visual presenta-
tion of the expected responses across the line profile). In the
case of circular orbits, the lag time as a function of velocity
is symmetric about the line center, and could even appear flat
across the emission line depending on the physical details of
the BLR. Both infall and outflow show asymmetric behavior,
with infall having longer lags at blueshifted (negative) veloc-
ities and shorter lags at redshifted (positive) velocities. For
outflow, the opposite is expected.

In Paper III, we present velocity-resolved lag times mea-
sured across the HA emission-line profile for six of our ob-
jects — SBS 1116+583A, Arp 151 (first presented in Paper I),
Mrk 1310, NGC 4748, NGC 5548, and NGC 6814. Using the
same techniques outlined there and in Section 3.1 above, for
these six objects we divided both the Ha and H~ lines into
four velocity bins of equal variable flux and calculated the
average lag time for each velocity bin relative to the B-band
light curve. Attempts to do the same for the He II and He I
lines showed no difference in lag measurements as a function
of velocity. We describe the results for the Balmer lines for
each of the individual objects below.

SBS1116+583A: — The Hp velocity-resolved lags for
SBS 1116 clearly show a symmetric pattern about zero ve-
locity, with shorter lags in the wings and longer lags at the

line center, indicative of circular orbits. The same pattern can
easily be seen in the Ha and H+y lines (see Figure 12). In ad-
dition, the H~ line seems to show a double-peaked profile, an
indication of flattened geometry within the BLR gas. Com-
parison of the HS and Hry lines reveals the possibility that the
Hp variable emission is also double peaked, with the stronger
peak on the redshifted side as is seen in H~. The strong resid-
uals from the narrow Ha and [N II] lines superimposed on the
variable broad Ha emission do not allow a visual comparison
of the variable Ha profile with those of H3 and H+y. Finally,
the H~ variable emission is somewhat blueshifted relative to
the mean line profile.

Arp151: — First described in Paper I, the velocity-resolved

Hp emission has a strongly asymmetric lag behavior across
the line profile. The blueshifted emission has long lag times
that are higher than the total mean lag time, while the red-
shifted emission drops off to almost zero lag in the high-
velocity gas in the wings. This seems to imply simple in-
flow in the BLR of Arp 151. Comparison with the velocity-
resolved lags measured for the Ho and Hry lines in Figure 13
shows similar behavior, again emphasizing the strong red-
blue asymmetry in the emission-line responses. The variable
line profiles appear to be single-peaked and do not in general
show a large velocity offset from the mean line profile, al-
though there seems to be excess emission in the red wing of
each line.

Mrk1310: — While the HfS velocity-resolved lags for
Mrk 1310 exhibit a symmetric behavior about zero velocity,
the Ha and H+y velocity-resolved structure is not so orderly,
as shown in Figure 14. Rather, the Hv line seems to exhibit
evidence for outflow with a slight red-blue lag asymmetry, and
the variable line profile for Hvy is highly blueshifted from the
mean line profile. The variable emission in Ho and Hf3, on
the other hand, does not show a strong velocity shift relative
to the mean emission-line profiles. More detailed analysis is
clearly needed to disentangle the BLR behavior of Mrk 1310,
but the consistency with a flat response across the line profile
may argue for circular orbits in a Keplerian potential.

NGC4748: — As described in Paper III, the HS velocity-
resolved lags in NGC 4748 (Figure 15) may show evidence
for outflow with an asymmetric response about zero veloc-
ity. The behavior of the velocity-resolved lags within Ha and
H~, however, is not clear at all. With the rather large uncer-
tainties for this object, the behavior is consistent with a flat
response across the emission lines, which would be consis-
tent with circular orbits in a Keplerian potential. While the
Ha variable emission shows no evidence for a large velocity
shift, the Hj3 variable emission shows a slight blueshift rela-
tive to the mean line profile, and the H~ variable emission is
highly blueshifted. There also appears to be excess blue-wing
emission in the variable flux of each Balmer line.

NGC5548: — The Hf velocity-resolved lag behavior for
NGC 5548 is not particularly enlightening, and unfortunately,
neither is that of Ha nor Hy (see Figure 16). The overall
behavior appears to be consistent with a flat response across
the line profile, which could be consistent with circular or-
bits in a Keplerian potential. We have previously mentioned
several reasons why the H+ line in this particular data set for
NGC 5548 may not be reliable. Given its shorter lag time,
we would expect the Hy line to be broader than Ha and Hp.
Instead, it appears that we may be missing a relatively large
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fraction of the Hy emission at the blue end, where the spectral
coverage cuts off. For this reason as well as those previously
mentioned, we will classify the Hy measurements included in
this work as “unreliable.”

NGC6814: — Similar to SBS 1116, the velocity-resolved lags

across the H/3 emission profile of NGC 6814 show a symmet-
ric behavior. This symmetric behavior is also seen in the Ha
and Hr lines (see Figure 17). All three emission lines seem
to have a double-peaked profile shape in the variable emis-
sion, possibly indicative of a disk-like geometry in the BLR.
There does not appear to be any significant velocity shift in
the variable emission compared to the mean line profiles, and
the widths of the variable and mean profiles are very similar,
demonstrating that the full range of gas giving rise to the in-
tegrated line flux is responding to changes in the continuum
flux.

4.3. Comparison with Photoionization Predictions

With the large number of optical emission lines (~ 5) for
which we have carried out a reverberation-mapping analy-
sis in each object, we are able to examine and compare the
behavior of trends that are exhibited among emission lines
with predictions from photoionization calculations of BLR-
like gas. Here, we focus on the specific predictions for the op-
tical recombination lines presented by Korista & Goad (2004).
Their predictions are based on a grid of photoionization cal-
culations, originally presented by Korista & Goad (2000), and
generated with CLOUDY (Ferland et al. 1998) to model the
broad UV emission lines in NGC 5548.

Among the Balmer lines, we find a trend of 7(Ha) >
7(HB) > 7(H~). This trend is seen in other monitoring stud-
ies of multiple AGNs (e.g., (Kaspi et al. 2000)), but it has
not been particularly significant in previous studies due to
the large uncertainties in the time-lag measurements. Under
pure recombination, the emission from all the Balmer lines
would be expected to originate from the same location in the
BLR. However, it has long been known that an additional pro-
cess beyond recombination must be affecting the observed
behavior of the broad Balmer lines in AGNs, as evidenced
by a variable Balmer decrement (e.g., Peterson & Ferland
1986; Cohen et al. 1986). The modification of pure recom-
bination effects is theorized to be the result of radial strati-
fication of optical-depth effects within the BLR (e.g., Netzer
1975; Rees et al. 1989; Korista & Goad 2004). In essence,
the gas densities of the line-emitting “clouds” are higher at
smaller radii (closer to the black hole), so the relative-flux
variations are strongly weighted by gas at larger radii where
the densities and optical depths to line emission are smaller.
This, together with the fact that at a given continuum flux,
the optical depth of Ha is largest, followed by H3, and so
on through the Balmer series, will serve to make the emis-
sion from each of these lines appear to originate at a dif-
ferent distance from the source (see Figure 3 of Korista &
Goad 2004), with the Ha emission appearing to originate at
the largest radius (i.e., largest mean time delay). The optical
depths of He I A5876 and He II A\4686 are even smaller than
those of the Balmer lines, with that of He II being the smallest
of all the lines considered here, causing their responsivity-
weighted radii to be even smaller, as we indeed see. For all
of the “reliable” lags measured here, the weighted average
time-lag ratios are 7(He) : 7(HB) : 7(H) : 7(He I) : 7(He 1)
=1.54:1.00:0.61:0.36:0.25 (see Figure 18).

The responsivity of the lines within a specific AGN can

also be compared, where the responsivity (1) of an emission
line is a measure of the efficiency of the BLR gas in con-
verting a change in ionizing flux to line flux. Examination of
the values F,; and Ry, in Table 12 shows that, in general,
n(He I)> n(He [)> n(H~v) > n(HB) > n(Ha) (see Figure 18).
Comparison of the light curves in Figures 1-9 also illustrates
that proportionally larger variations are seen in the He lines
than the Balmer lines, in response to changes in the contin-
uum flux. This trend is in keeping with the predictions of
Korista & Goad (2004) and the findings of previous monitor-
ing programs (e.g., Peterson & Ferland 1986; Dietrich et al.
1993; Kollatschny 2003).

Finally, we find here that the line width measured in the
variable part of the spectrum is typically narrower than the
line width measured in the mean spectrum. This trend has
been seen in most previous monitoring programs (see Pe-
terson et al. 2004) and is another prediction that naturally
arises from the photoionization calculations of Korista &
Goad (2004). The expectation is that the outer wings of the
lines are generated in the inner BLR, where the gas velocities
are high. However, the ionization is also higher in the inner
BLR, and the gas responsivity is therefore lower. Hence, the
variability of the wings of the emission lines will be much
lower than that of the line cores, causing the variable part of
the emission line to appear narrower.

5. CONCLUSIONS

The LAMP sample of AGNs was originally chosen for
spectroscopic monitoring in order to extend to lower masses
the range of black hole scaling relationships in AGNs. With
the high-quality spectroscopic dataset obtained at Lick Obser-
vatory, we are able to go beyond the original goals of LAMP
and begin to examine the details of the BLR physics in these
AGNs in the following ways:

e We have presented time-delay measurements and line
widths for all of the optical H and He recombination
lines in the spectra of the LAMP sample of AGNs: He,
Hg, Hy, He I A\4686, and He I A5876.

e Comparisons of the black hole masses determined from
multiple emission lines are consistent within individ-
ual sources, even when assuming a single scaling factor
f. For at least the optical recombination lines, it ap-
pears that the scaling factor is not heavily dependent on
the specific emission line when determining black hole
masses from reverberation mapping.

e The time lag versus the line-width measurements for
multiple emission lines in an individual source are gen-
erally consistent with a virial relationship (7 oc V'2).
Virial relationships have been seen in other AGNs with
high-quality spectroscopic monitoring data, upholding
the use of reverberation-mapping results as a probe of
the gravitational influence of the supermassive black
hole on the BLR gas.

e For six of the LAMP AGNs, we have examined the
velocity-resolved time-lag response across the broad
Ha, HB, and H+y lines. In three of the AGNs, we find a
significant trend in the delay versus the velocity across
the line profiles of all three Balmer lines. In the other
three AGNss, there is no significant trend in delay across
the line profile, which may, in fact, argue for evidence
of circular motions in a Keplerian potential. We are
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currently investigating whether more detailed decom-
positions of the velocity-resolved time-lag response in
these objects may be accomplished using the maximum
entropy method (Horne et al. 1991; Horne 1994).

e We are able to confirm several trends in the behavior of
the broad optical recombination lines that are expected
from recent photoionization calculations and have also
typically been seen in other AGN monitoring cam-
paigns. Specifically, we confirm an increase in respon-
sivity and a decrease in the mean time lag as the excita-
tion and ionization level for an emission line increases.
This is manifest as 7(Ha)) > 7(HS) > 7(H~y) > 7(He I)
> 7(He 1) and n(Ha) < n(HB) < n(Hy) < n(He D<
n(He 1I). Agreement with these photoionization cal-
culations argues for optical-depth effects that appear
to “fine tune” the responses of the optical recombina-
tion lines, as expected under the LOC model for AGN
BLRs.

Many of the additional predictions of Korista & Goad
(2004) for optical recombination lines in AGN BLRs require
multiple monitoring campaigns of multiple emission lines
from a single AGN in different flux states. The investment
of time to examine these predictions is both warranted and
necessary. The optical recombination line emissivities and

responsivities depend on the local continuum flux (i.e., ra-
dius) for a fixed continuum luminosity, and thus the optical
recombination lines are important to include in quasar tomog-
raphy for mapping out the physical parameters of BLR (Horne
et al. 2003). The recovery of a velocity-delay map for a single
emission line, such as Hf, is a key goal of reverberation map-
ping and would allowing insight into the geometry and kine-
matics of the BLR. The simultaneous recovery of velocity-
delay maps for several emission lines could set much stronger
constraints on, and perhaps break degeneracies between, the
physical parameters of the line-emitting gas in the BLR and
may usher in yet another new era of understanding for this
spatially unresolved region in AGNSs.
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F1G. 7.— Same as Figure 1, but for NGC 4748.
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F1G. 8.— Same as Figure 1, but for NGC 5548.
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FI1G. 10.— Top: Broad emission-line width as a function of lag time for all reverberation results for NGC 5548. The solid line shows a least-squares fit to the
data and has a power-law slope of —0.50, which is expected for a virial relationship. Red points are the Hoe and HB3 measurements presented in this work. The
grey cross is for the Hy measurement in this work, which is unreliable and was not included in the fit. Bottom: Black hole mass as a function of emission-line
wavelength. The gray band shows the 1o range of the weighted average of the black hole mass based on HS measurements. Symbols are as described in the top

panel.
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FIG. 11.— Left: Broad emission-line width as a function of lag time for the other eight LAMP targets. The dashed line shows a power-law slope of 0.5,
which is expected for a virial relationship. The grey crosses in the Mrk 202 plot show the unreliable Ha measurements for that object. Right: Black hole mass as
a function of emission-line wavelength. The gray band shows the 1o range of black hole mass based on the measurements from the H/ line, which is the most
accurately calibrated broad line in the LAMP spectra. Symbols are as described for the left panels.
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F1G. 13.— Same as Figure 12, but for Arp 151.
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FI1G. 14.— Same as Figure 12, but for Mrk 1310.
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F1G. 15.— Same as Figure 12, but for NGC 4748.
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and emission lines examined here. The open black circles show the predicted emission-line responsivity relative to that of Hf3 as tabulated by Korista & Goad
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TABLE 1
OBJECT LIST
Object Q2000 2000 z Ag? Alternate
(hr min sec) " (mag) Name
Mrk 142 102531.3 4514035 0.04494 0.069 PG 1022+519
SBS 1116+583A 111857.7 +580324 0.02787 0.050
Arp 151 1125362 +542257 0.02109 0.059 Mrk40
Mrk 1310 1201143 -034041 0.01941 0.133
Mrk 202 1217550 4583935 0.02102 0.087
NGC 4253 121826.5 +294846 0.01293 0.084 Mrk766
NGC4748 1252124 -132453 0.01463 0.223
NGC 5548 141759.5 +250812 0.01718 0.088
NGC 6814 194240.6 -101925 0.00521 0.790

2The Galactic extinction is based on Schlegel et al. (1998).

TABLE 2
EMISSION-LINE CONTINUUM WINDOWS AND INTEGRATION LIMITS
Object Line Continuum Windows Line Limits <f>Zos
A) A) A) (1075 erg s™! em™2)
Mrk 142 Ha 6700-6750 6950-7000 6750-6950 2.62+0.20
HB 4960-5000 5300-5350 5045-5125 0.928 4+ 0.080
Hy 4400-4450 4580-4630 4480-4580 0.4364+0.043
He IT 4686  4580-4630 4960-5000 4750-4960 0.70£0.12
He I A\5876  5825-5875 6250-6300 6100-6200 0.1344+0.016
SBS 1116+583A Ha 6600—-6650 6950-7000 6650-6850 1.035+£0.071
HS 4875-4925 5200-5250 4925-5055 0.26240.028
Hy 4390-4425 4530-4580 4425-4508 0.12940.017
He IT M\4686  4650-4700 4875-4925 4700-4875 0.08040.036
He I A5876  5700-5800 6200-6300 5945-6100 0.05040.017
Arp 151 Ha 6525-6575 6900-6950 6575-6825 3424042
HB 4850-4890 5175-5250 4900-5040 0.86£0.15
Hy 4335-4350 4510-4530 4390-4510 0.3654+0.076
He IT 4686  4620-4650 4870-4890 4695-4870 0.084 4+0.057
He I A5876  5800-5875 6225-6350 5920-6120 0.1304+0.041
Mrk 1310 Ha 6525-6575 6775-6825 6600-6775 2.54+0.18
HB 4850-4900 5150-5200 4900-5010 0.495 4+ 0.054
Hy 4375-4395  4525-4575 4395-4470 0.32040.026
He IT 4686  4700-4740 4860-4900 4740-4860 0.03540.030
He I A5876 5750-5800 6100-6150 5930-6040 0.08540.024
Mrk 202 Ha 6580—-6630 6800-6850 6630-6800 1.38+£0.11
HB 4875-4925 5150-5200 4925-5025 0.299 +0.027
Hy 4375-4410 4500-4550 4410-4500 0.15940.018
He IT 4686  4500-4550 4840-4880 4700-4840 0.169 +0.037
NGC 4253 Ha 6500-6550 6850-6900 6575-6750 11.214+0.47
HB 4820-4860 5150-5200 4860-4975 1.99+£0.10
H~y 4320-4350 4450-4500 4350-4450 0.646 4-0.056
NGC 4748 Ha 6500-6550 6900-6950 6550-6750 9.51+£0.67
HB 4600-4650 5150-5200 4850-5000 2.11+£0.11
Hy 4320-4360 4450-4500 4360-4450 1.057 £0.066
He Il M4686 4470-4500 5150-5200 4660-4810 1.17£0.12
NGC 5548 Ho 6300-6350 6960—-7010 6450-6900 17.6 £1.1
HB 4725-4775 5150-5200 4775-5150 3.394+0.33
H~y 4315-4340 4500-4550 4375-4500 0.73+£0.14
NGC 6814 Ho 6350—-6400 6850—-6900 6450-6740 12.624+0.81
HB 4540-4590 5100-5150 4800-4970 2.81£0.26
H~y 4317-4330 4420-4490 4330-4415 0.99+0.11
He Il M4686 4540-4590 5100-5150 4590-4800 0.49+0.24
HeI \5876  5700-5800 5970-6020 5820-5970 0.49+0.11
NOTE. — The emission-line fluxes above include the contribution from the narrow-line component,

which is simply a constant flux offset. In addition, the Ha fluxes include the contributions from [N II]
AN6548, 6583 and the H+y fluxes include the contribution from [O III] A\4363.
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EMISSION-LINE LIGHT CURVES OF MRK 142

BENTZ ET AL.

TABLE 3

HID

f(Ho)

f(Hy)

f(He 1)

f(He D)

4550.6599
4551.6560
4553.6576
4555.8322
4556.6591
4557.6574
4558.6464
4559.8879
4560.6809
4561.7065
4562.7222
4564.6609
4566.6662
4567.6650
4568.6636
4569.6805
4570.6594
4572.6842
4573.6698
4575.7090
4581.6673
4582.6672
4583.6648
4584.6796
4585.6626
4587.6776
4588.6690
4589.6708
4590.6762
4591.6675
4592.6697
4593.6707
4594.6761
4595.6869
4597.1746
4597.6761
4598.6721
4600.6732
4601.6753
4602.8195
4603.6917
4604.6891
4605.6784
4607.6841
4608.6829
4613.6800
4614.6846
4615.6835
4616.7547
4617.6966
4618.6954

2.586£0.051
2.448 +0.049
2.6341+0.052
3.420£0.068
2.58140.051
2.575£0.051
2.679£0.053
2.52440.050
2.638£0.053
2.46240.049
2.710£0.054
2.602£0.052
2.707 £0.054
2.545£0.051
2.662+0.053
2.599£0.052
2.600£0.052
2.67140.053
2.599£0.052
1.84140.037
2.616£0.052
2.502£0.050
2.810+0.056
2.483 £0.049
2.27540.045
2.664 £0.053
2.439£0.049
2.44340.049
2.617£0.052
2.51240.050
2.741 £0.055
2.589£0.052
2.660+0.053
2.733 £0.054
2.7724+0.055
2.541£0.051
2.638£0.052
2.643+0.053
2.915£0.058
2.5794+0.051
2.722+0.054
2.744 £0.055
2.757+0.055
2.736 £0.054
2.679+0.053
2.6724+0.053
2.3924£0.048
3.018 +0.060
2.610£0.052
2.605 +0.052

0.436+0.015
0.40440.014
0.448 £0.016
0.566 +0.020
0.438£0.015
0.438+0.015
0.496+0.017
0.424+£0.015
0.460+0.016
0.40440.014
0.4414+0.015
0.450+0.016
0.4454+0.016
0.450+0.016
0.4724+0.017
0.441+0.015
0.445+0.016
0.4074+0.014
0.4324+0.015
0.278 £0.010
0.4234+0.015
0.418+0.015
0.440+£0.015
0.378+0.013
0.396£0.014
0.4244+0.015
0.429+0.015
0.426£0.015
0.426+£0.015
0.408 £0.014
0.384+0.013
0.437+0.015
0.410£0.014
0.368 +0.013
0.487+£0.017
0.4344+0.015
0.436+0.015
0.463£0.016
0.5314+0.019
0.436£0.015
0.427£0.015
0.4214+0.015
0.390£0.014
0.441+0.015
0.454+£0.016
0.442+£0.015
0.438+0.015
0.522+£0.018
0.490+0.017
0.416£0.015
0.460£0.016

0.7314+0.030
0.672+£0.028
0.680+0.028
1.1524£0.048
0.692£0.029
0.675+0.028
0.708 +0.029
0.638 £0.026
0.661 +0.027
0.665+0.028
0.778 £0.032
0.728 +£0.030
0.706 £0.029
0.702 +0.029
0.702£0.029
0.678 +0.028
0.638 +0.026
0.640£0.026
0.623 +0.026
0.455+£0.019
0.660 £+ 0.027
0.645+0.027
0.635+0.026
0.628 +0.026
0.598 £0.025
0.650+0.027
0.6221+0.026
0.662£0.027
0.658 +0.027
0.598 £0.025
0.649 +0.027
0.699 +0.029
0.716 £0.030
0.7554+0.031
0.755+0.031
0.674+0.028
0.679+£0.028
0.658 £0.027
0.670+0.028
0.698 £0.029
0.615+£0.025
0.5924+0.025
0.632£0.026
0.7334+0.030
0.786£0.033
0.834+£0.035
0.679+£0.028
0.767 £0.032
0.953+0.039
0.671£0.028
1.204 +0.050

0.1374+0.007
0.116 £0.006
0.134+£0.007
0.149 +0.008
0.126 £0.007
0.141 +£0.007
0.145+0.008
0.118 £0.006
0.144 +0.008
0.131£0.007
0.165 +0.009
0.1254+0.007
0.126 £0.007
0.124 +0.007
0.149£0.008
0.129 +0.007
0.1374+0.007
0.144 £0.008
0.107 +0.006
0.109 £ 0.006
0.140 £+ 0.007
0.11140.006
0.115+£0.006
0.1224+0.006
0.116 £0.006
0.138 +0.007
0.1454+0.008
0.127 £0.007
0.15140.008
0.138 £0.007
0.126 +0.007
0.140 4+ 0.007
0.148 £0.008
0.096 £ 0.005
0.150£0.008
0.12040.006
0.13440.007
0.134+£0.007
0.186+0.010
0.152+£0.008
0.130£0.007
0.148 +0.008
0.132+£0.007
0.1224+0.006
0.142£0.008
0.137£0.007
0.131+0.007
0.154£0.008
0.143 +0.008
0.132£0.007

NOTE. — HJD = Heliocentric Julian Day-2,450,000. Emission-line fluxes are
in units of 10713 erg s™! cm™. The HJ light curve is presented in Paper IIL



LAMP: OPTICAL H & HE LINES

TABLE 4
EMISSION-LINE LIGHT CURVES OF SBS 1116+583A
HID f(Ha) f(Hy) f(He IT) f(He I)

4550.6925 11.04£0.34  1.75940.072  1.215+0.119  0.507 +0.099
45517189 11.01£034 1.55240.064 0.83440.082  0.499+0.097
45537176 1053033  1.4514£0.060 0.661+0.065 0.55940.109
4555.8587 11434035 1.151+0.047  0.830+0.081

4556.6866 1036032 1.328+0.055 0.43140.042 0.46940.091
4557.6847 102040.32  1.3214+0.054  0.664+0.065 0.365+0.071
4558.6633  10.414£0.32  1.39340.057 0.940+0.092  0.666 +0.130
4559.9038  11.04£034 1.28740.053 0.38840.038 0.444+0.087
4560.7082  10.164£0.31  1.26640.052  0.64940.064  0.530+0.103
45617268 10.3440.32  1.20140.049 0.80740.079  0.45240.088
45627373 11.164£0.34  1.4704+0.060 0.835+0.082  0.545+0.106
4564.6890 10.514£0.32  1.35840.056 0.57740.057 0.393+0.077
4566.6937 10214£0.32  1.28940.053  0.20740.020  0.401 +0.078
4567.6924  9.5440.29  1.19240.049 0.29540.029  0.33340.065
4568.6919  9.55+0.30 1.09940.045 0.39940.039 0.476+0.093
4569.7050  9.0840.28  1.10140.045 0.31240.031  0.536+0.105
45707310 9.504+0.29  1.04240.043  0.625+0.061  0.407+0.079
45727106 9.854+0.30  1.27040.052  0.76840.075  0.346 4 0.068
4573.6979  9.454+0.29  1.20940.050 1.268+0.124  0.459+0.090
45759200 10.1340.31  1.25340.051 1.242+0.121  0.481 +0.094
45817033 10.3440.32  1.29340.053  0.64640.063  0.602+0.117
4582.6997 10.42+0.32 1.28840.053 0.736+0.072  0.324+0.063
4583.6927 9.5540.30 1.25940.052 0.429+0.042  0.460 %+ 0.090
45847176 10.04+0.31  1.00440.041  0.036+0.015  0.436+0.085
45856924  9.7340.30  1.28240.053 0.235+0.023  0.242+0.047
45877063  9.564+0.30  1.17440.048  0.607+0.059  0.508 +0.099
4588.6966 9.03+0.28  1.29040.053  0.62340.061  0.383+0.075
4589.7006  9.8140.30  1.24940.051 1.284+0.126  0.377+0.074
45907037 10.114£0.31  1.34140.055 1.161+0.114  0.583+0.114
4591.6948  9.864+0.30  1.30540.054 1.28940.126  0.42740.083
4592.6977 10.48+0.32 1.3854+0.057 1.19140.116  0.495+0.097
4593.6993  10.7940.33  1.39940.057 1.341+0.131  0.771+0.150
45947031 10.9340.34 1.54140.063 1.037+0.101  0.626+0.122
45957145 11.1240.34  1.46440.060 1.2204+0.119  0.963+0.188
4596.7005 10.7440.33  1.61540.066 1.167+0.114  0.482+0.094
4597.7035 10.68+0.33 1.5114+0.062 1.013+0.099  0.537+0.105
4598.6992  10.99+0.34  1.50240.062 0.913+0.089  0.508 +0.099
4600.8294 11.6440.36  1.17940.048 1.453+0.142  1.020+0.199
4601.7108  11.6840.36  0.9754+0.040 0.543+0.053

4602.8731  11.0940.34  1.37640.056 1.336+0.131  0.419+0.082
4604.8290 11.9440.37 1.34940.055 0.70740.069  0.759 4 0.148
4605.8064 11.50+0.36  1.48040.061  0.671+0.066 0.612+0.119
4607.8182  9.0440.28  0.9254+0.038 0.226+0.022  0.702+0.137
4608.8160  9.964+0.31  1.10440.045 0.557+0.056 0.612+0.119
4612.8142  10.5740.33  0.95040.039 1.26340.124  0.14240.028
4613.8024 10254032 1.33340.055 0.97440.095 0.399+0.123
4615.8328  10.46+0.32  1.18840.049 0.554+0.054  0.366+0.071
46167816  10.32+£032 1.12940.046 0.663+0.065 0.333%0.065
4617.8077  9.554+0.30  1.27340.052 0.985+0.096  0.277+0.054
46187821  9.9040.31  1.53740.063 1.124+0.110  0.754+0.147

NOTE. — HJD = Heliocentric Julian Day—2,450,000. Emission-line fluxes
are in units of 1071* erg s™! cm™2. The HJ3 light curve is presented in Paper III.
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EMISSION-LINE LIGHT CURVES OF ARP 151

BENTZ ET AL.

TABLE 5

HID

f(Ho)

f(Hy)

f(He 1)

f(He D)

4550.7180
4551.7478
4553.7470
4556.7118
4557.7555
4558.6902
4559.8700
4560.6570
4561.6791
4562.7017
4564.7136
4566.7181
4567.7170
4568.7177
4569.7258
4570.7526
4572.7551
4573.7215
4575.6875
4581.7317
4582.8300
4583.8341
4584.7895
4585.8605
4587.7764
4588.7821
4589.7693
4590.7677
4591.7584
4592.7618
4593.7636
4594.8047
4595.8015
4596.8003
4597.8005
4598.8010
4600.7205
4601.7713
4602.8002
4603.8428
4604.8036
4605.7268
4607.7301

3.310£0.061
3.2124+0.059
3.031+0.056
3.060 £0.057
2.948 +0.055
2.854£0.053
2.813£0.052
2.825+0.052
2.894 £0.054
2.784 +0.052
3.045£0.056
2.999 £0.055
2.746 +0.051
3.006 £0.056
2.98140.055
3.247£0.060
3.220£0.060
3.2114+0.059
3.258 £0.060
3.4254+0.063
3.947£0.073
3.482£0.064
3.32240.061
3.784£0.070
3.61140.067
3.619£0.067
3.900£0.072
3.9404+0.073
3.886£0.072
3.8604+0.071
3.724 £0.069
4.288 +£0.079
3.874+0.072
4.046 +£0.075
4.001 £0.074
3.478 £0.064
3.600£0.067
3.768 +£0.070
3.905£0.072
3.690+0.068
3.7224+0.069
3.474 £0.064
3.173+0.059

0.318+0.012
0.318£0.012
0.311+£0.012
0.247 4+ 0.009
0.245+£0.009
0.248 +0.009
0.2544+0.010
0.263£0.010
0.256+0.010
0.227 £0.009
0.266 +0.010
0.287+0.011
0.352+£0.013
0.320+0.012
0.343+£0.013
0.379+0.014
0.407+0.015
0.459+£0.017
0.440+0.017
0.470£0.018
0.408 +£0.016
0.457+0.017
0.475+£0.018
0.4514+0.017
0.486+0.018
0.481+0.018
0.457+0.017
0.433+£0.016
0.417+0.016
0.44740.017
0.380+0.014
0.406 +£0.015
0.401£0.015
0.419+0.016
0.369+£0.014
0.304+0.018
0.407+£0.015
0.371£0.014
0.360+0.014
0.307£0.012
0.345+0.013
0.3514+0.013
0.340£0.013

0.017 +0.004
0.023 £0.005
0.018 £0.004
0.040 £+ 0.009
0.020£0.005
0.005 £ 0.001
0.015+0.004
0.030£0.007
0.023 +0.005
0.043£0.010
0.060+0.014
0.066+0.016
0.059+£0.014
0.057+0.013
0.052+£0.012
0.150+0.036
0.1924+0.046
0.150+£0.035
0.085+0.020
0.126 £0.030
0.166 +0.039
0.187+0.044
0.163£0.039
0.173+0.041
0.174£0.041
0.18040.043
0.166 +0.039
0.107 £0.025
0.107 +£0.025
0.070£0.017
0.071+0.017
0.1184+0.028
0.059+£0.014
0.1154+0.027
0.094 £0.022
0.068 +0.021
0.095+0.022
0.022 £0.005
0.082+0.019
0.038 £0.009
0.067 £0.016
0.024 +0.006
0.016 £0.005

0.090+0.010
0.082£0.009
0.085+£0.009
0.075+0.008
0.063 £0.007
0.086 +0.009
0.066 £ 0.007
0.075+£0.008
0.086 = 0.009
0.059 £ 0.006
0.107+0.011
0.127+0.014
0.10240.011
0.147+0.016
0.135+£0.014
0.136 +0.014
0.147+0.016
0.169+£0.018
0.1824+0.019
0.160£0.017
0.179+0.019
0.183+0.019

0.183+0.019
0.168£0.018
0.183+0.019
0.188 +£0.020
0.180£0.019
0.1824+0.019
0.16140.017
0.126 +0.013
0.188 +£0.020
0.159+£0.017
0.1114+0.012
0.133+£0.014

0.089 £+ 0.009
0.121£0.013
0.1214+0.013
0.141£0.015
0.154£0.016
0.107+0.011
0.116£0.012

NOTE. — HJD = Heliocentric Julian Day-2,450,000. Emission-line fluxes are
in units of 10713 erg s™! cm™. The HJ light curve is presented in Paper IIL



LAMP: OPTICAL H & HE LINES

EMISSION-LINE LIGHT CURVES OF MRK 1310

TABLE 6

HID

f(Ho)

f(Hy)

f(He 1)

f(He D)

4550.7726
4551.8100
4553.8092
4556.7724
4557.8255
4558.7907
4559.9485
4560.7912
4561.8143
4562.7961
4564.7669
4566.7677
4567.7764
4568.7689
4569.7798
4570.8030
4575.7581
4581.7875
4582.7344
4583.7331
4584.7524
4585.7278
4587.7413
4588.7303
4589.7353
4590.7365
4591.7273
4592.7303
4593.7325
4594.7361
4595.7465
4596.7329
4597.7353
4598.7316
4600.7030
4602.7830
4603.7310
4604.7232
4605.7092
4607.7142
4608.7901
4612.7931
4613.7813
4615.7819
4616.7337
4617.7604
4618.7642

2.491£0.061
2.399+0.059
2.476 £ 0.060
2.464 +0.060
2.570+0.063
2.5724+0.063
2.643 +0.064
2.531+0.062
2.517+0.061
2.409 +0.059
2.365+0.058
2.279+0.056
2.345+0.057
2.2924+0.056
2.209+0.054
2.3014+0.056
2.266 +0.055
2.774 £ 0.068
2.5394+0.062
2.599+0.063
2.465£+0.060
2.471 £0.060
2.542+0.062
2.640 £ 0.064
2.612+0.064
2.498 £0.061
2.618 +£0.064
2.587+0.063
2.494£+0.061
2.499+0.061
2.628 +0.064
2.640 +0.064
2.661+0.065
2.556+0.062
2.815+0.069
2.891£0.071
2.823+0.069
2.873+0.070
2.84540.069
2.684 +0.065
2.888+0.070

2.640+0.064
2.5224+0.062
2.436+0.059
2.163+0.053
2.34540.057

0.288 +0.009
0.321+£0.010
0.339+£0.010
0.35440.010
0.347+0.010
0.350+0.010
0.2954+0.009
0.332+0.010
0.3124+0.009
0.320+0.009
0.3024+0.009
0.284 4+0.008
0.278 +£0.008
0.297 £0.009
0.284 +0.008
0.293 +£0.009
0.3494+0.019
0.310+0.009
0.309 +0.009
0.303 +0.009
0.3214+0.010
0.3274+0.010
0.322+0.010
0.328+£0.010
0.308 +0.009
0.2924+0.009
0.291+0.009
0.298 +0.009
0.3154+0.009
0.329+0.010
0.3344+0.010
0.3454+0.010
0.362+0.011
0.348+£0.010
0.345+0.010
0.384+0.011
0.363+0.011
0.362+0.011
0.3344+0.010
0.355+0.011
0.328+£0.010
0.298 +0.009
0.303 +0.009
0.298 +0.009
0.303 +£0.009
0.299+0.009
0.2754+0.008

0.0321 +£0.0074
0.0588 +0.0135
0.0588+0.0135
0.0583+0.0134
0.0298 £ 0.0068
0.0297 +0.0068
0.0002 £ 0.0005
0.0223 +0.0051
0.0220 +0.0050
0.0429 £ 0.0098

0.0170+0.0039
0.0038 £ 0.0009
0.0190 +0.0044
0.0167 +0.0038
0.0196 £ 0.0045
0.0147 +£0.0204
0.0253 +0.0058
0.0101 +0.0023
0.0302 £ 0.0069
0.0449 +£0.0103
0.0074 +£0.0017
0.0209 4 0.0048
0.0149 +£0.0034
0.0043 +0.0010
0.0114+0.0026
0.0155+0.0036
0.0216 0.0049
0.0253 +0.0058
0.05144+0.0118
0.0793+£0.0182
0.0741+0.0170
0.0426 4 0.0098
0.0446 +£0.0102
0.1681 +0.0385

0.0397 +0.0091
0.0678 +0.0155
0.0258 +0.0059
0.0934+0.0214
0.0480+0.0110
0.0514+0.0118

0.0090 £+ 0.0021
0.005240.0012
0.0410 4 0.0094
0.01024+0.0023

0.076 +0.009
0.087£0.010
0.106 £0.012
0.127+0.014
0.085+0.010
0.106 +£0.012
0.098 +£0.011
0.092+£0.010
0.084+0.010
0.015+£0.002
0.041 +0.005
0.051 +0.006
0.067 £0.008
0.0924+0.010
0.074 £0.008
0.089+0.010
0.078 +0.009
0.088 £0.010
0.087+0.010
0.082+£0.009
0.062 +0.007
0.064 +0.007
0.092+0.011
0.078 +0.009
0.076 £0.009
0.098 +£0.011
0.084+0.010
0.076 £0.009
0.062 £+ 0.007
0.083£0.010
0.084+0.010
0.090+0.010
0.077 £0.009
0.085+0.010
0.162+£0.018
0.1134+0.013
0.1114+0.013
0.1224-0.014
0.1124+0.013
0.098+£0.011
0.092+0.011

0.113+£0.013
0.044 +0.005
0.066 £ 0.008
0.056 £ 0.006
0.076 +0.009

NOTE. — HJID = Heliocentric Julian Day—2,450,000. Emission-line fluxes are in
units of 10713 erg s™! cm™2. The HA light curve is presented in Paper III.
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28 BENTZ ET AL.
TABLE7
EMISSION-LINE LIGHT CURVES OF MRK 202
HID f(Ha) f(Hy) f(He IT) f(He )

45507434 1.29240.023  0.1489+£0.0048  0.1605+0.0088  0.0489 +0.0102
45517693 1.247£0.022  0.1574+0.0051  0.142040.0078  0.0421 = 0.0088
45537721 1.339+£0.024  0.1629+0.0052  0.1707+0.0093  0.05180.0108
45567381 1.24240.022  0.1439+£0.0046  0.1056+0.0058  0.0476 % 0.0099
4557.7884  1.259£0.022  0.1460+0.0047  0.1066%0.0058  0.0200 = 0.0042
45587121 1.26240.022  0.1286+0.0041  0.1032+£0.0056  0.0423 +0.0088
4559.9658 1.4214£0.025 0.1224+£0.0039  0.1028+0.0056  0.0677 +0.0141
4560.7389  1.241£0.022  0.1432+0.0046  0.121240.0066  0.0429 = 0.0089
45617450 1.27040.022  0.1378£0.0044  0.1293+0.0071  0.0485+0.0101
45627600 1.17740.021  0.12674£0.0041  0.1100%0.0060  0.0267 4 0.0056
45647344 1.2654+0.022  0.1531£0.0049 0.1629+0.0089  0.0264 % 0.0055
4566.7384 1.3214£0.023  0.1525+£0.0049 0.1415+0.0077  0.0453 +0.0094
4567.7396  1.317£0.023  0.15760.0051  0.158340.0086  0.0435 = 0.0090
45687380 1.31040.023  0.162940.0052  0.1545+0.0084  0.0746+0.0155
4569.7496  1.2820.023  0.1477+0.0047 0.138840.0076  0.0451 - 0.0094
45707727 1.32740.023  0.1707£0.0055  0.1658+£0.0091  0.0590 +0.0123
4572.8944 1.3054£0.023  0.1373+£0.0044  0.1464+0.0080  0.0577 +0.0120
45737419 1.174£0.021  0.1535+0.0049 0.158940.0087  0.0460 = 0.0096
4575.8692  1.3074£0.023  0.1468£0.0047 0.1658+0.0091  0.0437 +0.0091
45817533 1.308£0.023  0.1656+0.0053 0.172440.0094  0.0394 = 0.0082
45827752 1.32940.023  0.1692+£0.0054 0.2011+0.0110  0.0538+0.0112
4583.7754  1.29940.023  0.1617+£0.0052 0.2110+0.0115  0.0628 +0.0131
4584.8230 o 0.2044£0.0066  0.1764 = 0.0096 o

45859011 1.43540.025 0.1600£0.0051 0.1745+0.0095  0.0459 +0.0095
4587.9043  1.391£0.024  0.1661+0.0053 0.1493+0.0082  0.0408 == 0.0085
4588.8947 1.45740.026  0.1708£0.0055  0.1645+0.0090  0.0442 +0.0092
4589.9091 1.46340.026  0.1567£0.0050 0.1669+0.0091  0.0314 % 0.0065
4590.9006  1.4250.025 0.1500=0.0048  0.169440.0093  0.05290.0110
4591.9069 1.38740.024 0.1530£0.0049  0.1708+0.0093  0.0406 +0.0084
45929010 1.472£0.026  0.1649+0.0053 0.171040.0093  0.05780.0120
4593.9007 1.46440.026 0.1667+£0.0054 0.1730+0.0095  0.057440.0119
4594.8703  1.48940.026  0.1563+£0.0050 0.1801£0.0098  0.0593 +0.0123
4595.8579  1.425£0.025 0.1578=0.0051 0.1597+0.0087  0.0403 - 0.0084
4596.8908 1.468+0.026 0.1621+£0.0052 0.1675+0.0092  0.0764 +0.0159
4597.8964  1.421£0.025 0.1657+0.0053 0.163240.0089  0.05230.0109
4601.8116  1.58040.028  0.1424£0.0046  0.2260+0.0123  0.0280 % 0.0058
4602.9024 1.54540.027 0.1852+£0.0060 0.2376+0.0130  0.0620 % 0.0129
4603.8855 1.4440.025 0.1599+0.0051 0.2046+0.0112  0.05440.0113
4604.9140  1.57240.028 0.2191£0.0070  0.2570+0.0140  0.0701 +0.0146
4605.8939  1.491£0.026  0.1721+0.0055 0.2041+0.0111  0.05710.0119
4612.8862  1.455£0.026  0.1521+0.0049 0.2091+0.0114  0.0598£0.0124
4613.8602  1.3834£0.024 0.1683£0.0054 0.16470.0090  0.0800 % 0.0166
4614.8871  1.575+£0.028 0.1671+0.0054 0.1891+0.0103  0.05240.0109
4615.8847 1.52740.027 0.1744£0.0056 0.1987+0.0109  0.0622 +0.0129
4616.8548  1.490£0.026  0.1772+0.0057 0.2428+0.0133  0.0628£0.0131
4617.8826  1.423£0.025 0.1726+0.0055 0.2221+0.0121  0.0569+0.0118

NOTE. — HID = Heliocentric Julian Day—2,450,000. Emission-line fluxes are in units
of 10713 erg s7! cm™2. The HJ light curve is presented in Paper IIL



LAMP: OPTICAL H & HE LINES

TABLE 8
EMISSION-LINE LIGHT CURVES OF NGC 4253

HID f(Ho) f(Hy) f(He II) f(He D)

4550.8014 10.57+£0.25 0.623+0.017 0.628£0.028 0.282+0.011
4551.8338 10.63+0.25 0.653+0.018 0.6424+0.029 0.29940.012
4553.8298 10.61+0.25 0.697+0.019 0.7294+0.033  0.2954+0.011
4555.9872  10.73+£0.25 0.448+0.074 0.590£0.027 0.298£0.052
4556.7926  10.60+0.25 0.690+0.019 0.694+0.031 0.304+0.012
4557.7073  11.59+0.27 0.688+0.019 0.683+£0.031 0.328+£0.013
4558.6802 11.24+0.26 0.685+0.019 0.674£0.030 0.345+0.013
4559.9827 11.74+0.28 0.7194+0.020 0.644+0.029 0.3294+0.013
4560.7659 11.11+£0.26 0.714+0.019 0.622£0.028 0.334+£0.013
4561.7998 11.01+£0.26 0.695+0.019 0.605+0.027 0.349+0.013
4562.7806  10.61+£0.25 0.746+0.020 0.651£0.029 0.297+0.011
4564.7862 10.60+£0.25 0.676+0.018 0.693£0.031 0.290+0.011
4566.7916  10.50+0.25 0.690+0.019 0.630+0.028 0.308 +0.012
4567.7949 11.06+£0.26 0.669+0.018 0.639£0.029 0.303+£0.012
4568.7896 10.54+0.25 0.6461+0.018 0.6154+0.028 0.28140.011
4569.8729 10.65+0.25 0.684+0.019 0.623£0.028 0.309+0.012
4570.8633  10.83+0.25 0.675+0.018 0.699£0.031 0.316+£0.012
45729156  11.124+0.26  0.652+0.018 0.667+0.030 0.333+0.013
4573.8639 10.77+£0.25 0.734+0.020 0.625£0.028 0.309+0.012
45758961 11.55+0.27 0.617+0.017 0.600+0.027 0.3254+0.013
4581.9089 12.04+0.28 0.632+0.017 0.627£0.028 0.330+£0.013
4582.9155 11.68+0.27 0.655+0.018 0.608£0.027 0.319+£0.012
45839107 11.73+£0.28 0.648+0.018 0.596+0.027 0.303+0.012
4584.8792  11.33+£0.27 0.663+0.018 0.636£0.029 0.327+0.013
45858815 11.15+£0.26 0.611+0.017 0.6524+0.029 0.326+0.013
4587.8867 11.29+0.27 0.609+0.017 0.558£0.025 0.298+£0.012
4588.8780 11.71+0.28 0.679+0.019 0.628£0.028 0.304+£0.012
4589.8875 11.90+0.28 0.603+0.016 0.641+£0.029 0.3194+0.012
4590.8825 11.50+£0.27 0.637+0.017 0.671£0.030 0.317+£0.012
4591.8896 11.34+0.27 0.608+0.017 0.6154+0.028 0.314+0.012
4592.8844 11.47+0.27 0.633+0.017 0.598£0.027 0.295+0.011
4593.8831 11.84+0.28 0.614+0.017 0.570£0.026 0.270£0.010
4594.8536  12.02+0.28 0.604+0.016 0.5574+0.025 0.28740.011
4595.8405 11.44+0.27 0.639+0.017 0.586£0.026 0.294+0.011
4596.8745 11.424+0.27 0.673+0.018 0.558+0.025 0.2924+0.011
4597.8779 11.45+0.27 0.632+0.017 0.556£0.025 0.244+£0.009
4598.8237 10.27+£0.24 0.782+0.285 0.484£0.133 0.262+0.256
4600.7503  10.81+0.25 0.658+0.018 0.602+0.027 0.233+0.009
4601.7961 11.39+£0.27 0.646+0.018 0.633£0.028 0.204 £ 0.008
4602.7378 10.41+0.24 0.644+0.018 0.578+0.026 0.260+0.010
4603.8652 11.40+0.27 0.6284+0.017 0.6354+0.029 0.2814+0.011
4605.8768 11.30+£0.27 0.662+0.018 0.600£0.027 0.281+£0.011
4607.8742 11.31+£0.27 0.627+0.017 0.710+0.032  0.28440.011
4608.8813 11.23+0.26 0.559+0.033 0.554£0.025 0.279+0.011
4613.8473 11.06+£0.26 0.603+0.016 0.566+0.025 0.259+0.010
4614.8695 11.74+0.28 0.616+0.017 0.5604+0.025 0.28540.011
4615.8665 11.50+£0.27 0.637+0.017 0.586£0.026 0.275+0.011
4616.8365 11.54+0.27 0.536+0.015 0.5824+0.026 0.2954+0.011
4617.8594 11.22+0.26 0.523+0.014 0.558£0.025 0.282+0.011
4618.8351 11.90+0.28 0.870£0.154  0.247+£0.821

NOTE. — HJD = Heliocentric Julian Day—2,450,000. Emission-line fluxes
are in units of 10713 erg s™! cm™2. The HJ3 light curve is presented in Paper III.
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TABLE 9
EMISSION-LINE LIGHT CURVES OF NGC 4748
HID f(Ha) f(Hy) f(He IT) f(He I)
4550.8173  8.654+0.19  0.9654+0.023 1.029+0.036  0.329+0.031
4551.8530  8.58+0.19  1.03740.025 1.00440.035 0.293+0.027
4553.8454  8.5940.19  1.04040.025 1.00640.035 0.294+0.028
4556.8087  8.3140.18  0.97940.023 1.007+0.035 0.342+0.032
4557.8618  8.5040.19  0.97740.023 0.88840.031 0.295+0.028
4558.8076  8.60+0.19  1.01940.024  0.947+0.033  0.324+0.030
4560.8578  8.5240.19  1.02940.025 1.112+0.039  0.341 +0.032
4561.8522  8.81£0.19 1.016+0.024 1.13140.039 0.36240.034
4562.8377  8.4040.19  0.9954+0.024 1.087+0.038  0.258 +0.024
4564.8024  8.8440.20 0.97440.023 1.165+0.041  0.346+0.032
4566.8071  9.4440.21  0.98940.024 1.118+0.039  0.337+0.032
4567.8104  9.4840.21  1.01840.024 1.070+0.037  0.343+0.032
4568.8070  9.4440.21  1.01940.024  1.10940.039  0.35740.033
4569.7977  9.754+0.22  0.94840.023 1.12740.039  0.377+0.035
4570.8224 9214020 1.04440.025 1.060+0.037  0.331+0.031
4572.8723  9.5740.21  0.99440.024  1.068+0.037  0.363+0.034
45737696 9.4240.21  1.06640.025 1.164+0.041  0.337+0.032
4581.8356  10.904+0.24  0.99940.024 1.102+0.038  0.467 +0.044
45827554 9.854+0.22  1.06640.025 1.02240.036  0.376+0.035
4583.7544 9464021  1.08340.026 1.12740.039  0.35140.033
45847718 9.154+0.20  1.08040.026 1.33840.047  0.301 +0.028
45857473 9.4940.21  1.03240.025 1.324+0.046 0.277+0.026
4587.7612 9774022 1.13240.027 1.37640.048  0.35740.033
45887502 9.8240.22  1.15040.027 1.354+0.047 0.363+0.034
4589.7575  10.0040.22  1.10440.026 1.240+0.043  0.396 +0.037
4590.7558  9.7440.22  1.04140.025 1.31940.046 0.393+0.037
45917470 9.274+0.20  1.16240.028 1.361+0.047  0.404+0.038
45927507 9474021  1.07240.026 1.38440.048  0.356+0.033
45937517 9.634+0.21  1.10440.026  1.24740.043  0.301 +0.028
45947569 9.8740.22  1.11940.027 1.2814+0.045 0.359+0.034
45957658  9.5440.21  1.14540.027 1.2224+0.043  0.412+0.039
45967525  9.9140.22  1.13240.027 1.252+0.044  0.440+0.041
45977547 10044022 1.12240.027 1.23840.043  0.35540.033
45987508  9.594+0.21  1.22340.029 1.27440.044  0.303+0.028
4600.7957 10354023  1.06540.025 1.29140.045 0.347+0.033
46017432 10324023 1.07940.026  1.1754+0.041  0.270+0.025
46027264 9734021  1.20040.029  1.252+0.044  0.365+0.034
4603.8304 11474025 1.10340.026 1.277+0.044  0.470+0.044
4604.8659 10.194£0.23  1.05940.025 1.2534+0.044  0.371+0.035
4605.8354 9954022  1.07040.025 1.27240.044  0.408 +0.038
4607.7997 10494023  0.93640.102 1.17940.108  0.351 +0.033
4608.7163  9.694+0.21  1.1264+0.027  1.204+0.042  0.366 %+ 0.034
46147131 9.424021  1.01840.024 1.127+0.039  0.325+0.031
46157067  9.704+0.21  1.00340.024  1.14840.040  0.351+0.033
4618.7451  8.85+£020 1.040+0.025 1.05340.037 0.33640.032

NOTE. — HJD = Heliocentric Julian Day—2,450,000. Emission-line fluxes
are in units of 10713 erg s™! cm™2. The HJ3 light curve is presented in Paper III.
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TABLE 10
EMISSION-LINE LIGHT CURVES OF NGC 5548
HID f(Ho) f(Hy) f(He II) f(He )

4550.8678 17.04+0.24 0.802+0.034 0.326+0.054 1.56+0.11
4551.8664 16.97+0.24 0.777+£0.033 0.2774+0.046 1.73+0.12
4553.8626 16.81£0.23 0.796+0.034 0.283+0.047 1.61+0.11
4556.8589 16.98+0.24 0.7534+0.032 0.352+£0.058 1.564+0.10
4557.8755 16.80£0.23 0.7954+0.034 0.270+0.045 1.56+0.11
4558.8595 16.92+0.24 0.758+0.032 0.264+0.044 1.494+0.10
4559.9903 18.25+£0.25 0.7384+0.032 0.205+£0.034 1.514+0.10
4560.8967 16.29+£0.23 0.7944+0.034 0.292+£0.048 1.5040.10
4562.9997 17.51£0.24 0.731+0.031 0.3384+0.056 1.69+0.11
4564.9405 16.77+0.62 0.977+£0.315 0.6104+0.469 0.34+3.38
4566.9017 17.00+£0.24 0.885+0.038 0.358+0.059 1.66+0.11
4567.8218 16.70£0.23 0.8244+0.035 0.442+0.073 1.4740.10
4568.8201 17.10+0.24 0.792+0.034 0.3374+0.056 1.76+0.12
4569.8830 16.75+0.23 0.853+0.037 0.2894+0.048 1.65+0.11
4570.8760 17.024+0.24 0.840+£0.036 0.3364+0.055 1.81+0.12
45729341 17.38+0.24 0.770+0.033 0.3314£0.055 1.66+0.11
4573.8140 17.34+0.24 0.7144+0.031 0.2494+0.041 1.59+0.11
45759500 17.594+0.24 0.603+0.050 0.6544+0.108 1.74+0.12
4581.9237 17.14£0.24 0.9344+0.040 0.444+0.073 1.514+0.10
45829322 17.034+0.24 0.829+0.035 0.4724+0.078 1.504+0.10
4583.9276  17.60+£0.24 0.8234+0.035 0.443+£0.073 1.76+0.12
4584.8941 17.73£0.25 0.8914+0.038 0.494+0.081 1.734+0.12
4585.9384 18.61£0.26 0.8384+0.036 0.711%0.117 1.96%+0.13
4587.9254 17.93+£0.25 0.876+0.038 0.4714+0.078 1.90+0.13
4588.9167 16.89£0.23 0.8594+0.037 0.300£0.050 1.7640.12
4589.9298 19.29+0.27 0.815+0.035 0.407+0.067 1.68+0.11
4590.9214 19.24+£0.27 0.796+0.034 0.445+0.073 1.764+0.12
4591.9278 19.16+0.27 0.780+£0.033 0.2784+0.046 1.71+0.11
45929217 18.93£0.26 0.8114+0.035 0.352+0.058 1.80+0.12
4593.9218 19.434+0.27 0.656+0.028 0.4464+0.074 1.75+0.12
45949230 19.61£0.27 0.735+0.031 0.1174£0.019 1.65+0.11
45959071 19.294+0.27 0.7024+0.030 0.368+£0.061 1.70+0.11
4596.9126 19.21£0.27 0.761+0.033 0.352+£0.058 1.554+0.10
45979181 18.65+£0.26 0.7474+0.032 0.403+£0.067 1.434+0.10
4598.8420 17.244+0.24 0.796+0.044 0.3244+0.067 0.1740.30
4600.8564 17.14+£0.24 0.763+0.033 0.339£0.056 1.374+0.09
4601.8688 18.24+£0.25 0.5974+0.026 0.390£0.064 1.394+0.09
4602.9239 18.514+0.26 0.750+0.032 0.4264+0.070 1.554+0.10
4603.9194 18.09+£0.25 0.5824+0.025 0.419+0.069 1.464+0.10
4604.9353 18.17£0.25 0.6124+0.026 0.3334+0.055 1.66+0.11
46059149 18.264+0.25 0.630+0.027 0.4284+0.071 1.564+0.10
4607.8999 15.75+£0.22 0.561 £0.024 0.567+0.094 1.834+0.12
4608.9063 17.514+0.24 0.526+0.026 0.7404+0.122 2.064+0.14
4611.9246 0.1904+0.521 1.157+0.840

46129069 17.26+0.24 0.484+0.021 0.4474+0.074 1.57+0.11
4613.9068 0.620£0.354 0.074 +0.549

46149259 17.87+£0.25 0.5464+0.023 0.458+0.076 1.2940.09
46159124 17.264+0.24 0.564+0.024 0.4104+0.068 1.534+0.10
46169108 16.93+£0.24 0.606+0.026 0.369+0.061 1.334+0.09
46179020 16.194+0.23 0.526+£0.023 0.2574+0.042 1.24+0.08
4618.8734 13.20£0.18 0.8594+0.046 0.613£0.101 0.534+0.58

NOTE. — HJD = Heliocentric Julian Day—2,450,000. Emission-line fluxes
are in units of 10713 erg s™! cm™2. The HJ3 light curve is presented in Paper III.

31



BENTZ ET AL.

TABLE 11
EMISSION-LINE LIGHT CURVES OF NGC 6814

HID f(Ho) f(Hy) f(He II) f(He D)

4551.0180 11.79+0.15 0.937+£0.026 0.593£0.126  0.381+£0.027
4552.0264 11.13+0.14 0.900+0.025 0.163+0.035 0.527+0.038
4556.0339 11.60+0.15 0.9344+0.033 0.457+0.097 0.501+0.036
4557.0200 12.15+0.15 1.0424+0.029 0.640£0.136  0.566 £ 0.041
4560.0402 12.66+0.16 1.09440.038 0.9024+0.192 0.892+0.064
4561.0266 11.93+0.15 1.1374+0.032 0.825£0.176  0.634£0.046
4564.0146  12.31+£0.16 1.1724+0.033 0.897£0.191 0.650=+0.047
4567.0021 13.63+0.17 1.1324+0.032 0.576+0.123  0.640+0.046
4568.0082 13.55+0.17 1.1274+0.032 0.661£0.141 0.532+0.038
4569.0070  13.494+0.17 1.0974+0.031 0.5394+0.115 0.56540.041
4570.0003 13.84+0.18 1.016+0.029 0.770£0.164 0.549+0.039
4570.9899 13.56+0.17 1.034+0.029 1.012£0.216 0.548+0.039
45729883 13.34+0.17 1.0894+0.031 0.688+0.147 0.537+0.039
4573.9952  13.13+0.17 1.082+0.031 0.449£0.096 0.545+0.039
4576.0113  13.234+0.17 1.0914+0.031 0.630+0.134  0.449+0.032
4581.9978 12.84+0.16 0.975+0.028 0.499£0.106 0.475+0.034
4583.0102 12.41+0.16 1.018+0.029 0.251£0.053 0.511+£0.037
4584.0028 12.124+0.15 0.9204+0.026 0.2354+0.050 0.42940.031
4585.0027 12.50+0.16 0.930+0.026 0.237£0.051 0.407+£0.029
4586.0112 12.944+0.16 1.1784+0.033 0.190+0.041 0.318+0.023
4588.0005 12.33+0.16 0.883+0.025 0.412£0.088 0.375+0.027
4588.9927 12.20+0.15 0.875+0.025 0.271£0.058 0.420+0.030
4590.0043 12.934+0.16 1.0144+0.029 0.3124+0.066 0.444 +0.032
4590.9920 12.60+£0.16 0.937+0.026 0.388+£0.083 0.495+0.036
4591.9933 11.64+0.15 0.950+0.027 0.108+0.023  0.446+0.032
4592.9872  12.06+£0.15 0.955+0.027 0.473£0.101 0.455+0.033
4593.9387 12.22+0.16 0.946+0.027 0.605£0.129 0.419+0.030
45949950 12.85+0.16 0.987+0.028 0.602+0.128 0.51440.037
4595.9770  12.56+£0.16 1.028+0.029 0.237£0.050 0.564 £ 0.041
4596.9783 13.07+0.17 0.957+0.027 0.403+0.086 0.506+0.036
4597.9865 12.97+0.16 1.065+0.030 0.821£0.175 0.507£0.036
4598.9686 0.676+0.233  0.528+0.219 1.001 £0.943
4600.9250 13.18+0.17 1.044+0.029 0.326+0.069 0.549+0.039
4601.9789 13.52+0.17 1.007+0.028 0.411£0.087 0.422+0.030
4602.9915 13.124+0.17 1.064+0.030 0.527+0.112  0.499+0.036
4603.9917 13.39+0.17 1.074+0.030 0.794£0.169 0.499+0.036
4604.9922  13.93+0.18 1.086+0.031 0.572£0.122 0.593 £0.043
46059838 13.15+0.17 0.978+0.028 0.435+0.093 0.55240.040
4608.9747 12.15+0.15 0.978+0.028 0.126£0.027 0.448+£0.032
46129746  12.284+0.16  0.883+0.025 0.380£0.027
46139797 10.60+0.14 0.866+0.117 0.216+£0.219 0.3724+0.222
4614.9871 13.05+0.17 0.900+0.025 0.195+0.014
46169777 10.86+0.14 0.82140.023 0.410£0.029
4617.9693 11.10+£0.14 0.7294+0.021 0.043£0.009 0.366+0.026
46189885 13.41+0.17 0.8411+0.024 0.547+0.117 0.5324+0.038

NOTE. — HJD = Heliocentric Julian Day—2,450,000. Emission-line fluxes
are in units of 10713 erg s™! cm™2. The HJ3 light curve is presented in Paper III.



LAMP: OPTICAL H & HE LINES

TABLE 12
LIGHT-CURVE STATISTICS
Object Time Series N (T) Tmedian  {(0f/f)  Far Rinax
Y] () 3) 4 5) ©) N (8)

Mrk 142 B 64 18423 1.02 0.0166 0.025 1.15£0.03
Vv 62 1.7£2.0 1.02 0.0119 0.024 1.12+£0.02

5100 A 51 14+£1.0 1.00 0.0115 0.090 1.86+0.03

Ha 50 1441.0 1.00 0.0199 0.075 1.86£0.05

HB 51 14+£1.0 1.00 0.0113 0.086 1.97+0.03

H~y 51 1441.0 1.00 0.0350 0.092 2.04+£0.10

Hell M686 51 1.4+£1.0 1.00 0.0414 0.167 2.64+0.16

HelA\5876 50 1.4+£1.0 1.00 0.0530 0.104 1.93+£0.15

SBS 1116+583A B 56 2.141.8 1.02 0.0205 0.104 1.63+£0.05
Vv 56 19+1.7 1.01 0.0220 0.082 1.47+0.05

5100 A 50 14409 1.00 0.0437 0.043 1.36+£0.08

Ha 50 14409 1.00 0.0309 0.061 1.32+0.06

Hp 50 14409 1.00 0.0279 0.102 1.48+0.06

H~y 50 14409 1.00 0.0410 0.129 1.90+0.11

He Il M686 50 1.4+£0.9 1.00 0.1041 0.437 40.5+£17.0

Hel \5876 48 1.4+0.9 1.00 0.1973 0.262 7.20+£1.98

Arp 151 B 66 15+1.6 1.02 0.0173 0.161 1.80+£0.04
\% 62 1.6%1.6 1.02 0.0185 0.113 1.54+0.04

5100 A 43 14419 1.02 0.0101 0.120 1.73+£0.03

Ha 43 14409 1.02 0.0185 0.121 1.56+£0.04

HS 43 14409 1.02 0.0153 0.169 1.74+0.04

Hy 43 14409 1.02 0.0385 0.206 2.14+0.12

Hell M4686 43 1.4+0.9 1.02 0.2396 0.623 39.0+13.1

Hel \5876 41 1.4+0.9 1.02 0.1060 0.291 3.20£0.50

Mrk 1310 B 50 2.0&£1.5 1.16 0.0160 0.116 1.71+£0.04
\% 58 1.8+14 1.05 0.0183 0.073 1.39+0.04

5100 A 47 1.5+1.1 1.01 0.0367 0.051 1.44+0.07

Ha 46 15+1.2 1.01 0.0244 0.066 1.34+0.05

HB 47 1.5+1.1 1.01 0.0186 0.108 1.62+0.04

Hy 47 1.5+1.1 1.01 0.0301 0.077 1.40+£0.06

Hell M4686 44 1.6+1.2 1.01 0.3143  0.809 990 42800

HelI A5876 46 1.5+1.1 1.01 0.1148 0.263 10.6+2.0

Mrk 202 B 58 20417 1.01 0.0168 0.042 1.20+0.03
\% 58 1.84+1.7 1.01 0.0143 0.027 1.18+£0.04

5100 A 46 1.5+1.2 1.01 0.0309 0.027 1.25+0.05

Ha 45 15+13 1.01 0.0176  0.076 1.35+0.03

HB 46 1.5+1.2 1.01 0.0125 0.089 1.42+0.03

H~ 46 15+1.2 1.01 0.0321 0.106 1.79+0.08

Hell M686 46 1.5+1.2 1.01 0.0546 0.210 2.50+£0.19

NGC 4253 B 51 19423 1.02 0.0066 0.032 1.1640.01
\% 54 18422 1.01 0.0046 0.028 1.15+0.01

5100 A 50 14+1.0 1.01 0.0180 0.053 1.31+£0.03

Ha 50 144+1.0 1.01 0.0235 0.034 1.17+£0.04

HB 50 14+1.0 1.01 0.0116 0.048 1.35+0.15

Hy 49 14410 1.01 0.0376  0.051 1.74+0.70

NGC 4748 B 48 24431 1.25 0.0151 0.053 1.22+0.05
Vv 52 22425 1.03 0.0147 0.043 1.18+£0.02

5100 A 45 15+1.3 1.00 0.0202 0.045 1.33+£0.04

Ha 45 1.5+1.3 1.00 0.0221 0.067 1.38+0.04

HS 45 15+13 1.00 0.0094 0.052 1.22+0.02

H~y 45 15+13 1.00 0.0257 0.056 1.31+£0.15

Hell M686 45 15+£1.3 1.00 0.0361 0.097 1.56+0.08

NGC 5548 B 45 24443 1.07 0.0148 0.085 1.39+£0.03
\% 57 19+1.38 1.05 0.0125 0.094 1.40+0.02

5100 A 51 14409 1.01 0.0216 0.058 1.32+0.04

Ha 49 14409 1.01 0.0144 0.063 1.49+0.03

HB 51 14+09 1.01 0.0279 0.082 1.57+0.35

H~y 51 14409 1.01 0.1130 0.127 524142

NGC 6814 B 43 1.7+1.3 1.04 0.0137 0.178 1.83+£0.03
\% 46 16+1.3 1.02 0.0134 0.145 1.68+£0.03

5100 A 45 1.5+1.1 1.01 0.0345 0.068 1.54+0.08

Ha 44 1.6%1.1 1.01 0.0127 0.063 1.31+£0.02

HS 45 15+1.1 1.01 0.0124 0.093 1.58+0.11

Hy 45 1.6%1.1 1.01 0.0379 0.100 1.74+0.60

Hell M686 42 1.7+1.2 1.01 0.2370 0419 23.7+7.1

HelI A5876 44 1.6+1.1 1.01 0.0838 0.197 4.56+0.46
NOTE. — Columns are presented as follows: (1) object; (2) feature; (3) number of observa-

tions; (4) average interval (days) between observations; (5) median sampling rate (days); (6) mean
fractional error; (7) excess variance as described in the text; and (8) the ratio of the maximum to
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TABLE 13

TIME-LAG MEASUREMENTS

vs. B band vs. V band
Observed Rest frame Observed Rest frame
Object Line Teent Tpeak Teent Tpeak I'max Teent Tpeak Teent Tpeak I'max
(days) (days) (days) (days) (days) (days) (days) (days)

Mrk 142 Ha 290022 2s8rt 278l 247847 0.53+£0.08 2.631124 2.5011-20 2.52¢118 2.3911 44 0.56+0.08

HB 2.87:978 275190 2747073 2631095 0.52+0.07 2.88:1-90 3.254073 2.7619:9 3.11%72 0.55+0.08

Hry 2994137 275t 286tk 2637187 0.54+0.08 3.08133 3.25130 2.951148 31144 0.58 +£0.07

Hell M686 1257160 1254130 1201133 12074 0.5040.07 Lol 1.501}-23 1.5471-9¢ 1.4411-20 0.56+0.08

HeIA5876  1.89%9% 20022 181150 191715  050+0.06 17453717 1755373 1667381 1677333 0.52+0.07

SBS 1116+583A Ho 4a2tbal 37582 4013l 3651022 0.63+0.07 3.34101 3.2510718 3.25108 3.161053  0.5640.08

HB 238080 22500% 2311082 2198097 0.65+0.07 2.24*0:83 2251070 2.1810:6 2198078 0.6240.11

Hy 1.897043 200939 1.8479¢1 195103 0.56+0.07 2.0208¢ 2.2510713 1.97:9% 2198083 0.5440.08

HeIl X686 0487040 050702 0471939 0491023 0.71+0.07 0.231033 0.251030 0.2210:32 0.24704%2  0.66£0.11

HeIAS5876 2647163 2751130 2574130 2687035 0.524+0.07 2.14*137 2.2542 2.0811-33 2.191122 0.50+0.07

Arp 151 Ha 8.011105 850102 7.84%l0% 8321030 0.92+0.02 7.49109 7.75:5%9 7.341097 7.5919:98 0.91+0.02
Hp 4.08%9-% 3501073 3997042 3437073 0.971£0.007 3.521082 3.501092 3.45:080 3.43109%  0.963+0.013

Hry 1397081 1501100 1367070 147938 0.934+0.02 1.04*9:23 125123 1.0275:33 1221122 0.92+0.03

HeIl M686 -0.69719¢ 025192 -0.681195  -024709%  0.86+0.04 -0.7871-36  0.001192  -0761132  0.007558 0.85+0.04

HeIA5876 001703  -0257223  001%%  -024%29  0.90+0.03 -0425448 0501292 04111 -0.497138  0.89+£0.03

Mrk 1310 Ha 4.601067 4251073 451808 407H T2 0.82+0.05 4.481065 4.254123 4.391964 417423 0.8240.05

HB 374580 3.7580%  3.66103)  3.687040  0.73+0.09 3.677048 375539 3.60504 3.685040  0.77+£0.07

Hry 1867055 1500099 1827943 14738 0.72+0.07 1.9270-32 175813 1.8810:38 L7287 0.74£0.07

Hell M686  0.967062 075330 094308 0747040  0.63+0.09 1101980 0.751430 1081978 0.741347  0.631+0.08

HelX5876 261390 2501192 2561000 245198 0.6340.08 2.397058 2.5019:-30 2.34103¢ 245704 0.64+0.08

Mrk 202 Ho 2235038 2200132 :21.8913 21557220 0.774+0.06 14524083 14755750, 114.22788 14457753, 0.62+0.08

HB 32577 3.00132  3.054 73 2.9444]  0.80+0.05 3.11299) 275473 3.0510-89 2.69117)  0.70£0.07

Hry 3.38:160 3507030 33131 3.43t4T 0.68+£0.06 3.4911637 35611630 34216233 349%1016 0.644+0.07

Hell M686  1.507233 0501375 147340 049728 0.78+0.05 1.8971630 1754700 1.85H166+ 1717168 0.67+0.08

NGC 4253 Ha 25501066 25754000 25177083 25421043 0.53+0.08 25121039 25.25H130 24807148 24937198 0.54+0.07

Hp 6.24115%  6.00:23 61618 5927247 0.59+0.09 6.8711-22 6.5012:23 6.781120 6.421222 0.68 +£0.08

Hy 6.861238 65072  6.781233 642721 0.58+0.08 8.4011-76 8.50*} 73 8.2971 74 8.3971 7 0.61+£0.09

NGC 4748 Ho 7615390 85017 75013 838172 0.71+0.07 10.8453:97 10757390 1068539 1059897 0.70+0.08

Hp 56305 57585 555182 5.675& 0.81+0.05 6.391]8¢ 775873 6.301]-%2 7.64572  0.77£0.05

Hy 700828 77528 69228 7.641232  0.72+£0.06 7.0913-86 7.50132 6.991341 7.3913:20 0.70 +0.06
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TABLE 13 — Continued

vs. B band vs. V band
Observed Rest frame Observed Rest frame
Object Line Tcent Tpeak Tcent Tpeak max Tcent Tpeak Tcent Tpeak max
(days) (days) (days) (days) (days) (days) (days) (days)

Hell M686  1.027732  0.753%00  1.005780 0747788  0.78+0.06 0.95+3¢ 0.50%392 0.93134] 0.49*493 0.76 £0.06

NGC 5548 Ha 1102527 11501025 10837124 11.31%12 0.71+0.06 1165708 11501172 1145882 11317172 0.654£0.07
HB 4251088 4025t 4187086 418123 0.86+£0.07 4.247091 4.25t130 4177999 4181147 0.80+0.08

Hry :1.25418¢ w1007 123188 0981147 0.71+0.08 1491198 075830 1475 07488 0.66+0.09

NGC 6814 Ha 95112l 925873 946120 9.20%7%  0.60+£0.08 9.621%23 9251213 9.57+223 9.20%27% 0.57 +£0.08
HB 6.67:088 72510273 6.64'081 7217023 0.87+0.04 6.4910-23 7.00%5-39 6.461004 6.961939 0.86+£0.04

Hry 6.08:28¢ 525130 6.0528 52284 0.71+£0.09 6.141221 6.25:2:92 6.11*229 6.221199 0.72+0.08

Hell M686  5.03137 425073 500198 423873 0.73+0.07 4.8912:13 4.258323 4.8612:43 423832 0.724+0.08

HelX5876  3.11%3 250572 3.09%:3 2497078 0.7040.10 2.98%)%8 2.501032 2.961127 2.491142 0.7040.11

NOTE. — Hp3 lags were first presented in Paper III and are included here for reference. Lag values preceded by a colon are considered unreliable (see the text for details).
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TABLE 14
REST-FRAME BROAD EMISSION LINE-WIDTH MEASUREMENTS

Mean Spectrum

RMS Spectrum

Object Line Oline FWHM Oline FWHM
kms™)  (kms™) (kms™) (kms™)
Mrk 142 Ho 925438  1350+39 93461 1262+ 166
Hp 111622 14622  859+102 1368379
Hy 1114£67 188969  1057+82 25474533
He II \4686 e o 3079+166 8061 %1325
He I X5876 1128£241 57033440
SBS 1116+583A Ho 1250130 205913% 1218*347 196511408
Hp 1552£36 3668186 1528+184 3604 +1123
Hy 108433  3877+98  1402+95 424141465
He II \4686 - - 2355+125  5823+930
He I A5876 1786 £137 4764+ 1648
Arp 151 Ho 136711  1852+7 937434 1859+ 142
Hp 2006£24  3098+69 1252446 23574142
Hy 1228431 3108+13  1412+76 32104200
He II \4686 e o 22204106 6000865
He I A5876 1986£178 37841080
Mrk 1310 Ha 887+ 561193 717+75 677+225
Hp 1209+£42  2409+24  755+138 16024250
Hy 958+£49 24284317 84289 2204 +528
He IT X4686 1851106 4704 +3588
He I X5876 1399£151 48261625
Mrk 202 Ho 74610 463153 734422 663 201
Hp 867+40  1471+18 659465 1354250
Hy 998+£74 22124366 1185+131 15174564
He IT \4686 198880  3585+1017
NGC 4253 Ho 80170 101315  726+35 901+ 150
HB 1088£37 1609+£39  516+218 8341260
Hy 986+£29 2778492 12594322 3008 +2053
NGC 4748 Ha 90148 1967419, 1035+£74  1605+117
HB 1009£27 194766  657+91 1212173
Hy 925+£40  1617+58  908+148  1969+715
He IT A4686 1897+£193  3948+1310
NGC 5548 Ho 3540531 16431103 3562167, 155945990
HB 4266£65 12771£71  4270+292 11177 £2266
Hy 845429 2374434 22104126 :5517+2560
NGC 6814 Ho 1686£29  2909+3  1082+52 2827 + 62
HB 1918£36 33237 1610108 32774297
Hy 1143£10 3790+72  1260+127  3340+636
He II \4686 2585+137 6017745
He I A5876 3262+ 1137 64364 1342

NOTE. — HJ3 line widths were first presented in Paper III and are included here for reference. Line widths
preceded by a colon are considered unreliable (see the text for details).



LAMP: OPTICAL H & HE LINES

TABLE 15
VIRIAL PRODUCTS AND DERIVED BLACK HOLE MASSES
Object Line CTeentOhye /G Mgu?
(10°Mg)  (10° Mg)
0.21 1.09
Mrk 142 Ha 04719030 2.48%) %
0.14 0.74
HE 0.407515 2.07%550
0.28 1.5
Hry 0.62+928 3313
He IT X4686 22128 12443

HeIAS876 0459033 2433

SBS 1116+583A Ha L1655 6.1

HB Lost3} st

Hy 07155 3703

Hell M686  0.517048 27432

HelAS876  1.6710 8.853%

Arp 151 Ho 134530 705
HB 122997 6.41492

Hy 0.53%335 2858
Mk 1310 Ho 045811 23858
HB 041°%16 21438
Hy 025910 133793

Hell M686  0.63104! 33433
HeIA5876  0.981049 51421

. 0.19 . 1.0

Mrk 202 Ha 230101 12179
0.16 0.82

Hp 0.26751} 1362557

Hy 03253y 17033

Hell 686 1.13%83 5997

NGC 4253 Ho 2.59192 13.6114
Hj 0.3279:28 L7413
Hy 2143 10
NGC 4748 Ha 1575088 8.2133
Hp 047548 2508
Hy LISGE 58533
He Il M686  0.70%338 4%
NGC 5548 Ha 26.8%32 141337
HB 14.9137 78433
Hy 1257 620
NGC 6814 Ho 2.1619:48 11.3%23
HpB 336706 176333
Hry 1.8870-%9 9.8%47
He IT \4686 6.5:21 34114
He I A5876 6.4733 34421

NOTE. — Hf3-based masses were first presented in Paper III and are
included here for reference. Values preceded by a colon are considered
unreliable (see the text for details).

AAssuming f = 5.2, from Woo et al. (2010). Note that the derived
masses would increase by ~ 5% using f = 5.5 from Onken et al. (2004).



