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Mass scaling relations are a powerful tool for estimatingavimasses of the central supermassive
black holes that power distant quasars and active galastieinowing in part to the relative ease
with which they can be applied to large catalogs of specttd.dThere is a large suite of mass
scaling relations available in the literature, based ontltihee main broad emission lines:GH
Mg, and Civ. We summarize some of the issues to be aware of when choosthgsing
these relations, including those of special interest tardNarLine Seyfert 1 galaxy studies. In
particular, we advocate using high-quality spectral dathraultiple emission lines for the most
accurate mass estimates. In the literature certain scadiagons, including that based ong,

are claimed to be unreliable. We show results indicating a@ieof the three broad lines (81

Mg 11, or Civ) exhibit issues suggesting that none of them are more aecorass estimators
than the others. Only by using as many broad lines as possiioleve hope to even out the
slight deviations introduced by the individual lines. Dewret al. (these proceedings) provide
convincing evidence against the use of low-quality datarfass estimates. We present additional
evidence, including extensive simulations, that low-gualata is most likely to bias our mass
estimates which can be quite significant for narrow-lineatses like NLS1s. Finally, we present
results based on Bayesian statistical analysis of the SD8% IDminosity and mass function
sample which shows that the peak of the estimated Eddingtmmbsity ratios (goy /Ledd)
distribution will be overestimated and the distributiorditi underestimated unless the intrinsic
uncertainties in the mass estimates and survey incompleteare accounted for.
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1. Virial Mass Estimates

The most robust method for obtaining the mass of the cenip@rsnassive black hole power-
ing active galactic nuclei is that of reverberation mappgiRi1). It utilizes the variability proper-
ties of the central engine to determine the distance of thademission line gas from the region
emitting the ionizing continuum photons by means of thetliglvel time,7. By combining this
distance R = ct) with the velocity of this gas that varies, as measured frbmline width in
the variable (i.e.rms) spectrum, the virial central mass can be determined. Isetipeoceedings,
Brad Peterson (2011) provides a detailed review of this ote#imd the associated assumptions and
caveats to which the interested reader is referred. Thardistof the broad-line gaR, scales with
the nuclear continuum luminosity [e.g., Kaspi et al. 2008n& et al. 2006, 2009; see also the con-
tribution by Misty Bentz (2011) for the most recent updatddjis R— L relationship allows us to
obtain an estimate of the virial mass of the central black ath relative ease using an individual
(i.e., single-epoch) spectrum of the active nucleus frorcwthe velocity,v, of the H3 gas is ap-
proximated by the FWHM of I8 and its distanc® is approximated by the power-law continuum
luminosity L(5100A) (e.g., Kaspi et al. 2000; Vestergaard 20024 = f x v? x R/G (f is the
fudge-factor containing the unknown characteristics efgeometry, structure, and the details of
the velocity field and its inclination along our line-of-big see Peterson 2011). This is a particu-
larly powerful method for obtaining black hole mass estesaif distant quasars (e.g., Vestergaard
2004; McLure & Dunlop 2004; Woo et al. 2004; Kollmeier et ab0B; Vestergaard et al. 2008;
Shen et al. 2008) by using Mg (e.g., McLure & Jarvis 2002; Vestergaard & Osmer 2009) and
Civ (Vestergaard 2002; Warner et al. 2003; Vestergaard & Re12806) line widths to probe the
broad-line region velocities when the Balmer lines areméti out of our observing window.

These single-epoch mass estimates (or ‘'mass scalingoredgtior active galactic nuclei are,
afterall, approximations to the robust RM masses, yet itisguing just how well they perform,
given their crude nature: accuracies are a factor4fon an absolute scale and a factor of 2.5
— 3 relative to the RM masses (e.g., Vestergaard & Peterso@)2@ne can contrast this to the
complex modeling of stellar orbits based on high-spatiabl&ion imaging that is necessary to
estimate the mass of the central black hole in quiescenkigalésee e.g. review by Ferrarese &
Ford 2005). The power of these relatively simple scalingtiehs thus becomes clear.

While an accuracy of a factor of a few is good, we would like toletter - and we can do
better. We see scatter in the single-epoch estimatesveetatthe RM masses and scatter of AGN
black hole masses around th#igy — 0, relation. There is a good potential for reducing this
scatter. As reported by Brad Peterson and Misty Bentz atrikisting (Peterson 2011; Bentz 2011)
by careful modeling of the host galaxy light distributiordamomputing the contribution of this light
distribution in each of the spectral apertures used dufirgrionitoring campaigns, we now have
an accurate account of the star-light contamination foR&8IAGN with a robust black hole mass
determination. As aresult the scatter in Be L relation is reduced and the slope is consistent with
0.5 to within 1o as compared to the early relationship (Kaspi et al. 2005)revtiee host galaxy
contamination was not taken into account. In addition, bpagienly the best monitoring data in
which the delay in the emission line response to continuunatians are visibly obvious from the
raw data, the scatter in tie— L relation is reduced to as little as 0.11 dex! (Peterson 2010)

We are now aware of a few other issues that affect the masnags— in excess of the
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unknown BLR inclination— which we should be able to address now or in the near futures@'h
include: (1) effects of radiation pressure on the BLR gassldvant (see e.g., Marconi 2011), (2)
luminosity color-correction between the optical and UVioeg (Denney et al. 2011), (3) narrow-
line contamination of specific importance for NLS1 galaXieenney et al. 2011), (4) uncertainties
inflicted by source variability (Woo 2011), (5) effects oM&/N data resulting in systematic biases
in the line measurements (Denney et al. 2011) and in inergdke uncertainties in the line width
measurements in general, and (6) the currentiMgd Civ-based mass scaling relations are not
appropriate for NLS1s. | will focus on the effects of low-Sdidta and the mass scaling relations
for NLS1s in the following.

2. The Power of Multiple Emission Linesfor Mass Estimates

There are a couple of important issues to keep in mind whemyssialing relations to deter-
mine black hole masses of AGNs and quasars. At present tharkaige suite of scaling relations
present in the literature (e.g., McLure & Jarvis 2002; Viestard 2002; McLure & Dunlop 2004;
Warner et al. 2003; Wu et al. 2004; Vestergaard & Petersof;20@Gill et al. 2008; Vestergaard
& Osmer 2009; Wang et al. 2009). For the same broad emissien(\iidth) there are different
relations and some works advocate using the line luminasityppose to the continuum luminosity
to estimate the size of the BLR region. Also, some of theimlatare based on outdated versions of
the R— L relation and/or not the most updated analysis of the revatibe mapping data. Hence,
it can be a confusing task to select the appropriate scadilagionship. My advice is summarized
in the following.

Comparing mass estimates based on different lines?

If you want to compare mass estimates based on two differaisiséon lines, do make sure
that the scaling relations for these emission line widtlesiarfact on the same mass scale.
If not, one will naturally bias one’s study as this will inthace an offset that has no basis
in reality. Dietrich & Hamann (2004) compared mass estismatesed on B (or Civ) and
Mg 11 scaling relations from two different studies and found #edénce of up to a factor of
five! Therefore, the mass scaling relations should be salagith care.

Do you have more than one emission line?

If you have more than one of the three emission lines for whiahass scaling relation
exists then you are highly recommended to use all applicitds to constrain the black
hole mass. Some authors restrict their analysis to a simgiesen line in which they appear
to have greater faith. This is not recommended for a few reasBor one, | will argue later
that all emission lines have their own issues and no singiestom line is perfect for mass
estimates. Second, the RM masses were determined by maldrod onultiple emission lines
to determine the mass. As shown in Figure 1, all the broadstomidines (with exception of
Lyman-a and Mgl which were not monitored) exhibit a virial relationship ioncert (more

such virial relationships are presented by Peterson & Wa@0 and in Fig. 1 of Peterson
2011). Furthermore, the measurements slide up and dowg #iervirial relationship as the
source brightens and weakens, as one would expect if the Bldrities are governed by
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Figure 1: Virial relationship for Seyfert 1 galaxy, NGC 5548: the ma&sl time delay (lag) in days for
individual lines are shown as a function of the velocity o thne-emitting gas in kms! at two different
epochs (open and solid symbols, respectively; open cird@83, solid circles: 1989). The individual
emission lines monitored are marked in the diagram. Theeddite shows this inverse relationship for a
virial mass of 68 x 10'M.,. This diagram emphasizes that (a) it is the collective pafet! the monitored
emission lines that yields the virial mass, (b) some scat@und the relation is expected for individual lines,
(c) the emission lines 'slide’ up and down this relation witirying continuum luminosity, and (d) the high-
ionization lines are emitted closer to the central sourcklrave - as anticipated - a larger velocity than the
lower ionization lines. [Figure 1 of Peterson & Wandel (1g9&igure is courtesy of Bradley M. Peterson.

the black hole gravity. However, the scatter in this virightionship illustrates that a single
emission line will not give an accurate measurement of taekohole mass. It is only by
using all the emission lines that we can hope to even out teertainties associated with
each individual line. This is similar to attempting to edistiba linear relationship with less
than three data points: at best you can only get a crude astwhthe slope or the amplitude
(in the case of a single data point). Having three or more plaitats increases the probability
of establishing the intrinsic relationship.

To our knowledge there is, at present, only one set of scakfagionships for which all
three lines (K8, and especially Mg and Civ) are on the same mass scale, namely those
presented by Vestergaard & Peterson (2006) and Vester§a@simer (2009). In addition,
these relations are calibrated to the most recent updatdgsaof the reverberation mapping
sample (Peterson et al. 2004).

It is worth noting that for the I8 and Mgil relationships in these studies, the line widths
entering these relations are those of biead emission line component only (as this has
been misinterpreted; e.g., Shen et al. 2011). That is, tirewdine component contributing
to the line profile is modeled and subtracted before the liikhas measured. This is needed
since the narrow-line gas velocities reflect the gravityhaf €nclosed mass at the distance
of the Narrow Line Emitting Region (NLR), and therefore refleot just the mass of the
black hole. This narrow line component model is based on #lecity dispersion of the
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NLR as estimated from the widths of the [Olll] 5007 and [OI7Z¥ emission lines. A NLR
contribution to the Qv line is at most rather weak (or absent) (Wills et al., 1993)erEfore,
there is no need for a correction for a narrow-line componetiie Civ line.

Discard bad data!

It is now more clear than ever (see e.g., Denney et al. 20QR1)20at data suffering from
low S/N and/or strong absorption in the emission line wildthe mass estimates if used. It
has been common to model profiles of low S/N with smooth faamstito avoid noise-spikes
to skew the measurements, but this does not in fact allettetgroblem as the low-S/N
profile will systematically bias the estimates of the averaglocity field (see Denney et al.
2009 for details). Also, it is not recommended that one gttsrto 'correct’ for absorption
in the peak of the profile (or strong absorption in the wingpag such correction will be
no more than a random guess since there are rather limitedraoris on the absorption in
the data themselves. Such data should simply be discardegdef@urpose of black hole
mass estimates. Any line width measurements of such liniegavill always be highly
unreliable.

3. TheCiv Linein NLS1s

We have known for a while that the € profile of NLS1s tend to exhibit a blue asymmet-
ric (triangular) shape, suggestive that these systems iaagy $irong high-ionization outflows. In
particular, Leighly (2000) found that the tendency of thesr®lue asymmetry increases for the
high luminosity NLS1s. This asymmetry may be related to thgh laccretion rates thought to
characterize the NLS1s. However, since in this case the lite profile appears to have a sig-
nificant contribution from gas with non-Keplerian (or noragtationally induced) velocities, the
Civ-based mass estimates are not likely representative ohthiasic black hole mass (or, for
that matter, H8-based masses). Therefore, the current-Based scaling relations should not be
applied to NLS1s (see also Vestergaard 2004 for a discussitbris issue for NLS1s).

4. TheClIv Linein Quasars- Are They Problematic?

Quasars are also expected to be highly accreting objettmugh to a less extreme degree
than NLS1s given their larger central masses. Thus, a natonaern is whether the @ profile
of luminous highz quasars is representative of the virialized BLR that we exfrem the RM
results obtained in the local universe? While quasars dbaad Qv profiles that resemble those
of NLS1s (e.g., Vestergaard 2004) it is well-known that sajuasars have @ profiles that are
blueshifted relative to the systemic redshift (e.g., W8IK©O84). Richards et al. (2002) studied
a few thousand quasars in the Sloan Digital Sky Survey (SD&8)such blueshifts and found
that the blueshift correlated with a decreasing equivalédth (the Baldwin effect) and a slight
increase in line width. However, their analysis of compmsijtectra of quasars with a range ak/C
blueshifts showed that the average broadening in the messhifted bin amounted to an increase
of only 15% in the FWHM of the line which corresponds to an @age of about 30% in the mass
values. At present, this is well within the uncertaintieghie mass estimates. However, further
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Figure2: Relationship between the FWHM of the Mgand H3 emission lines for objects in the SDSS DR3
guasar catalog with spectral data of SAS. The thin (green) line indicates a one-to-one relatiore 3dlid
blue line indicates the tilt of the high-density distritmniof the data points. The dashed blue line shows the
tilt of the relation for the broadestMlines. This distribution of line widths shows that FWHM(M is

not always a good proxy of thefHFWHM. In particular, for line widths lower than about 3000 knt the

Mg 1l line overestimates the width offH A consequence is that the mass scaling relation foriNgynot
strictly defined for NLS1s, and care must be exercised in 6isgal scaling relations for NLS1s in general
(the uncertainties in the mass estimates are clearly larger

investigation of this issue is, of course, needed. As ouedamties in the mass estimates improve
further, this systematic change in line width needs to bertakto account.

However, it is worth keeping in mind that for the objects fohieh we have been able to
perform the relevant test (see e.g., Fig. 1 of Peterson 20dd see the @ line being virialized
similarly to the other optical and UV broad emission linestthave been monitored (§i]+0 1v]

A 1400, Qv A 1549, Hai A 1640, Ciii] A 1909, Hal A 4686, H3; Peterson & Wandel 1999,
2000; Figure 1). The fact that the size of thevGemitting region of a redshift 2 quasar is found
to lie right on the extension of the locallZ broad-line region-size to luminosity relation (Kaspi
et al. 2007) also suggests that the broad-line regions tdrdituminous quasars is structured and
behave like nearby AGNs. This may also be manifested in iteiat quasar spectra appear very
similar across broad redshift ranges (at least out to rédsifi4.75 where the data can be directly
compared) and for a range of luminosities (Dietrich et ab20

5. No Broad Emission Lineis Perfect

Contrary to what is commonly reported in the literature, el line widths do not exhibit
a tight one-to-one relationship with theBHine width. In Figure 2 we compare Mg and H3
line widths of several thousand SDSS DR3 quasars measuhgdoorspectral data with median
S/N>5. There is clearly some scatter in the relationship whicHlightly tilted relative to a one-
to-one relation and has a long tail toward rather brogdptbfiles. Some of these very broaBH
profiles are double-peaked, suggesting that perhaps ie tteeses, the Bl profile may either be
a poor measure of the BLR velocity field, or the Mgrofile is (since it is clearly too narrow in
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Figure 3: The spectral region around Migh 2800 is clustered with thousands of broadiFemission lines
that blend with themselves and with Mg About half of the Mgi line flux is buried in the Fa emission.
(Figure is based on data from study by Francis, Hooper, & ini893).

comparison with the A profile). An added complication is the location of Mdn the middle of
the small blue bump of thousands of iron emission lines teatdwith themselves and with Mg
(Vestergaard & Wilkes 2001): establishing accurately theation of the underlying continuum
and the full profile shape of Mg is prone to errors and systematics since half thaiMbgofile is
submerged in the Heemission (Fig. 3).

For redshifts between 1.5 and 2.2 both Mgnd Civ appear in the SDSS observing window.
In Figure 4 the distribution of @/ and Mgl line widths are shown for the over 5000 quasar spectra
with median S/N above 5 in this redshift range. There is §igpnit scatter and deviations from a
linear relationship between the two line widths. This ioadgeen by Shen et al. (2008); some
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Figure 4: Relationship between FWHM(Mg) and FWHM(Civ) for objects in the SDSS DR3 quasar
catalog with spectral data with median S/N le¥eb. The thin (green) line indicates a one-to-one relation.
The distribution of data points shows that the M¢jne is often narrower than the I€ emission line, a
tendency also seen for Mgwhen compared to Bl (Figure 2). The cause is currently unknown, but does
emphasize that all three emission lines @ HAg 11, and Cv may have issues. That is one reason that the
use of multiple emission lines are advocated to obtain &beteasure of the intrinsic black hole mass.
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of the scatter appears to be related to the blueshift sorestohserved for the @ line profiles:
the stronger the blueshift, the more deviant are the maissatst based on Mg relative to those
based on @v. More work is needed to investigate the cause of this deviats well as the potential
for generating corrections to either the Mg@r the Civ line width.

However, it is worth noting that althoughI€ is often blamed for these offsets (and thereby
for being a less reliable mass estimator) the IMiine width has been reported to depend on the
source Eddington ratid,goL /Ledq (Onken & Kollmeier 2008). Furthermore, there appears to be a
systematic narrowing of the Mgline with redshift forz> 1.4 — the very redshift above which the
Mg 11 and Civ lines appear in the same SDSS spectrum and thus can be condjraly.

Based on this observational evidence, it is not at all cleat €iv is the problematic emis-
sion line for mass estimates. There are clearly issues \aith ef the three lines, Bl Mg and
C1v, that suggest that there are variations in the velocity Sialad/or the conditions in the broad
emission line region that prevent these line widths fromilgikhg linear and tight correlations (see
e.g., Baldwin et al. 1995). Perhaps this is not too surggisionsidering that the broad-line region
must necessarily be a dynamic and non-static regiomhether it consists of orbiting 'clouds’ or
outflowing winds (e.g., Murray et al. 1995; Elvis 2000).

6. A Word of Caution: Mg 11 Scaling Relation is Not Valid for NL S1s

The fact that the FWHM measurements of the high-S/N SDSSdtmta a systematic devia-
tion from a one-to-one relationship between FWHM(Mgand FWHM(H3) for FWHM less than
~2500-3000 km s means that this scaling relation is not valid for NLS1s (¥eghard & Osmer
2009). The Mgi line widths overestimate the Hline widths and hence the black hole mass in
this case. The effect is clearly larger for more narro lithes. Further investigation is needed to
clarify the cause of this deviation and find a way to correctliis offset, if possible.

7. The SN Ratio of the Data Does M atter!

Denney et al. (2011) have already provided some convinaiggnaents that low S/N data can
skew our line width measurements also in a systematic maSirase the line width enters the mass
scaling relations to the second power, systematic diffaeior larger scatter) in the measurements
will propagate to significant differences in the mass vallie¢he following | provide some slightly
different evidence that also disfavor the use of low S/N d&tace large surveys typically produce
many spectra of relatively low S/N (owing to the way such sys/must necessarily be optimized),
this is not a trivial point. With a large body of data (incladilow S/N data) readily available,
it is easy and very tempting to simply measure and analyzéhaltlata regardless of its quality.
However, the uncertainties associated with the low-S/Id de¢ much larger than our mass scaling
relations imply since the latter were obtained based otivelg high quality data.

Vestergaard et al. (2008) analyzed a subset of the DR3 quataog in order to study the
black hole mass functions at a range of redshifts. The aisdlyduded a spectral decomposition of
the quasar spectra into the contributions from a nucleareptaw continuum, a host galaxy con-
tribution (for redshifts below 0.5 where the host contribatcan be constrained), an Femission
spectrum, a Balmer continuum, plus broad and narrow emmidsie profiles. The models were
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Figure 5: Measured line width differences shown as a function of spe&/N ratio for the data common
between the studies of Shen et al. (2011) and Vestergaakd 20@8). The panels show (top to bottom) the
differences for the three emission line§HVg 11, and Clv. These diagrams show that two different ways
of measuring the same data typically yields different FWHMasurements. The differences increase with
decreasing median spectral S/N. The median (and 1 staneaiatidn) FWHM differences are listed for the
entire sample and for the subset having S/RD. While these diagrams also show that differences must exi
in the way the two studies measure the data, they are a staikder that measuring line widths in spectral
data is not a trivial task (but involves uncertainties anthpps systematics depending on the method; see
also Denney et al. 2009) and low-S/N data is (at present) trstenemy of accurate mass estimates.

optimized through a least-squares minimization routinee FWHM measurements of thelZ,

Mg 11, and H3 line profiles are directly compared to the measurementopeed by Shen et al.
(2011) on the exact same data in Figure 5. The difference$MHM line widths are plotted as a
function of the median S/N ratio in the spectral data. Theagrdms show that the deviations are
clearly a function of the S/N level: the scatter and meanat®n increases with decreasing S/N. It
also shows that two different methods of measuring linerpatars can have a strong effect on the
measurements even at high S/N. It is noteworthy that none of the three dovisknes perform
better than the others. Therefore, one must be careful thigheS/N data for the measurements if
one needs more than an order of magnitude estimate of thie tdde masses.

Needless to say, the precise method with which we actualtipie the line measurements

also matters (see the scatter for the high S/N data in Figd3lastudy by Denney et al. 2009).
The studies of Rafiee & Hall (2011a,b) also illustrate theantgnt issue and potential implications
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Figure 6: Simulations showing the implications of low S/N data on duifity to measure or reconstruct the
intrinsic (emitted) line width. A model spectrum is S/N daded before the line profile is measuréeft
panel:the appearance of an emission line (with intrinsic width \&f#M=3310+50 km st — measured on

a profile with S/N =50) at a spectral resolution of 500 krh and S/N~2-3 (black curve). Superimposed
on the line are two narrow absorption lines, each of widths-800 kms. The emitted profile (with
absorption) is shown by the green curve. Overplotted is &t bontinuum fit (red dashed) to the S/N
degraded spectrum (black curve) along with igsuncertainties (purple dot-dashe@he middle panelthe
distribution of 250 FWHM measurements of this S/N degragestsum (with and without the absorption
features overlaid) is compared to the measurement made@yth=50 spectrum (vertical blue and purple
dot-dashed lines)Right panel:Accuracy of FWHM measurements made on a model line with gitisor
as a function of S/N level. In this case the simulations shimsvresults of data obtained with a spectral
resolution of 75kmst. This shows that high spectral resolution and high-S/RD(pixel) are needed to
avoid a significant bias in the FWHM measurements. Theseratigninary results of an extended ongoing
investigation.

of howthe line profiles are measured. We are in the process of iga#isig robust ways to measure
the line profiles.

8. Simulations; Narrow Linesand L ow S/N

Two of us (Jensen & Vestergaard) are in the process of simgléte effects of low S/N on
relatively narrow emission lines, relevant for NLS1 gaéexiwith different characteristit®n our
ability to measure the intrinsic line width (i.e., that efedi by the source) in data obtained with
spectrographs of different spectral resolutions. Ther@silts show, similar to Denney et al. (2009;
also, Denney et al. 2011) a tendency (and larger probabilitjow S/N data for significantly
underestimating the line widths. This is enhanced if therevien weak intervening absorption
superposed on the emission line (Figure 6b). As is seen irbBighere is a large probability that
we can underestimate the line width #¥1000 km sL. It is easier to detect and discern absorption
lines in higher resolution spectra. These simulations stmava spectrum with S/N of 20-25 per
pixel is needed to avoid a systematic underestimate of tieewidths (Fig. 6¢). These results are

1That is, the width, height, and shape of the emission lings fite presence or absence of absorption lines, and the
width and specific location(s) of absorption lines relativ¢he emission line peak.
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Figure 7: Probability distribution of the Eddington luminosity ratigo /Legq for quasars in the SDSS
DR3 quasar luminosity (and mass) function sample. The bisickcurves show 100 draws from the prob-
ability distribution function. The thick green curve shoth&® mean distribution. The 10% completeness
limit at z=1 is shown by the vertical line. The kink BgoL /Leqa~0.3 is not real, but an artifact of the
assumption that the distribution can be reproduced by aumgxtf log-normal functions. The distribution
peaks atgoL /Leda~0.05, but the exact value should be interpreted with cawtioit falls below the 10%
completeness limit. Nonetheless, this estimated digtdhuloes suggest that most supermassive black holes
in broad-lined quasars are not radiating near their Eddmtiinit (Figure 11 of Kelly et al. 2010).

preliminary in that all the measurements are performecctliren the simulated data and not on
model fits to the noise-laden data. We do expe@s emphasized by Denney et al. (2009)hat
model fits to the low-S/N data will not allow an unbiased restanction of the emitted line profile.

9. Distribution of Eddington Luminosity Ratio

One of the interpretations of NLS1s is that they containtredty smaller central black hole
masses that radiate at or near the Eddington limit. Thereeis gome discussion that they may radi-
ate above the limit (e.g., Collin & Kawaguchi 2004). Broatklquasars are also luminous sources
and are often considered to be radiating at relatively highy /Leqq <1. This was emphasized
by recent studies of the SDSS (McLure & Dunlop 2004) and th&e8GKollmeier et al. 2006)
surveys of broad lined quasars which argue that the disiibwof Eddington luminosity ratios,
LeoL/Leda is rather narrow and centered at a mégp, /Leqq Value of~0.25. The reality of this
was questioned by Shen et al. (2008) who argue that the nalistkibution is due to a Malmquist
type bias caused by the limited luminosity range. We havépeed Bayesian statistical anal-
ysis of the DR3 quasar luminosity and mass function sampleh@Rds et al. 2006, Vestergaard
et al. 2008) where survey incompleteness, the intrinsiedainties in the mass estimates, and the
spectral measurement uncertainties are self-consigtaktn into account (Kelly et al. 2010). The
resultingLgor /Leqq distribution is shown in Figure 7. The distribution is breadq0.4 dex) and
peaks at a lower value-0.05) than reported earlier. Our results suggest that tidqars works
see a narrowLgoy /Lgqq distribution peaking at-0.25 due to uncorrected incompleteness. These
results are fully consistent with more recent and deepatiesu(Gavignaud et al. 2008; Trump
et al. 2009) and are also consistent with the analysis of 8hah (2008). The reader is referred to
Kelly et al. (2010) for further details. The implicationseahat most supermassive black holes in
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type 1 quasars are not radiating near their Eddington lifrhis result was obtained for all broad-
lined quasars and is perhaps not directly applicable to BL&lowever, it does indicate that the
available data may give us a misleading impression of th@sénbus sources if care is not exer-
cised during our analysis and interpretation of the datdlirC& Huré (2001) have additional and

specific suggestions on the physical differences betwessidbiine Seyferts and NLS1s. Notably,
Marconi et al. (2011) advocate that radiation pressureagively more significant for NLS1s.

10. Summary

The main points of this contribution can be summarized devi:

e There is a large number of mass scaling relations in theatitee from which to estimate
the central black hole mass. However, not all equations raez-calibrated to be on the
same mass scale, so caution must be exercised. This isutenitidmportant if you need
to compare mass estimates based on one emission line (like Migh that of another (like
C1v). Otherwise one should expect to see offsets in mass es8maathas also been reported
and has sometimes been attributed to problems with the rstissmation method.

o If you have multiple broad emission lines in your spectrurse them all for a final mass
estimate: multiple data points are better than one. Theptixeeis, of course, if the line
profiles are strongly absorbed, incomplete (truncated éggectrograph), or the S/N is low
(see also Denney et al. 2011).

e Keep in mind that it does matt&iow you measure the line profile widths andhat quality
data you measure as you can otherwise systematically bisgny@asurements and thus your
mass estimates (see also Denney et al. 2011 and Petersgn 2011

¢ Recall that the @Qv emission line cannot be used for mass estimates in highalsity
NLS1s as the profile may have significant contribution frorm w#éh non-Keplerian motion.

e Beware that the current Mg-based mass scaling relations are not particularly gootirfer
widths below~2500 kms?, at present (i.e., for NLS1s). There is not a one-to-oneeeorr
spondence between thg8rand Mgl line widths in this case: Mg widths tend to overesti-
mate the H8 widths (and thus black hole masses).

e Bayesian analysis shows that the intrinsic distributiogudsal g, /Leqq Values is broader
(o(LgoL/LEedd) ~0.4 dex) and with a peak shifted toward lower valuet g /Lggq >~0.05)
than previously reported{LgoL /Ledd >~0.25,0(LgoL/Ledd) ~ 0.3 dex). This implies that
broad-lined quasars generally accrete at lower Eddingtoninosity ratios than commonly
assumed. The question is whether this also applies to NLS1s.
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