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ABSTRACT
We present a model that relates the width of the broad emission lines of active galactic nuclei (AGNs) to the

Keplerian velocity of an accretion disk at a critical distance from the central black hole. This critical distance
falls in a region bounded on the inward side by the transition radius between the radiation pressure– and the gas
pressure–dominated region of the accretion disk and on the outward side by the maximum radius below which
a stabilizing, radially accreting and vertically outflowing corona exists. We show that in the framework of this
picture, the observed range of Hb FWHMs from broad-line to narrow-line type 1 AGNs is well reproduced as
a function of the accretion rate. This interval of velocities is the only permitted range and goes from ∼20,000
km s!1 for sub-Eddington accretion rates to ∼1000 km s!1 for Eddington accretion rates.
Subject headings: accretion, accretion disks— galaxies: active— quasars: emission lines

1. INTRODUCTION

Broad emission lines (BELs) are probably ubiquitous in ac-
tive galactic nuclei (AGNs), being unobserved only when a
good case can be made for their obscuration by dust (type 2
AGNs) or their being swamped by beamed continuum (blazars).
This suggests that the presence of broad emission line clouds
(BELCs) in the AGN environment is closely related to the
mechanisms that are responsible for the quasar activity. Shakura
& Sunyaev (1973, hereafter SS73) already noted that a high-
velocity, high-density wind of ionized matter may originate
from the accretion disk (a suggestion greatly elaborated by
Murray et al. 1995) at a radial distance at which the radiation
pressure becomes comparable to the gas pressure. Witt, Czerny,
& Zycki (1997, hereafter WCZ97) studied a radially co-
accreting disk/corona system (which stabilizes the otherwise
thermally unstable radiation pressure–dominated region of a
Shakura-Sunyaev [SS] disk) and demonstrated that a transonic
vertical outflow from the disk develops where the fraction of
total energy dissipated in the corona is close to the maximum.
In a revised version of this model (A. Rozanska & B. Czerny
2000, in preparation), which includes evaporation from the
disk, this solution continues to hold for accretion rates higher
than a minimum value, below which evaporation inhibits the
formation of the wind.
Reverberation studies of the BELs in many Seyfert 1 galaxies

(e.g., Wandel, Peterson, & Malkan 1999, hereafter WPM99)
indicate that the gas of the BELCs is photoionized and that its
physical state, from one object to another, covers a rather nar-
row range of parameter space (in column density, electron den-
sity, ionization parameter). It is also clear (Krolik et al. 1991;
Peterson et al. 1999) that within a single object the BELCs are
stratified, with the highest ionization lines being also the broad-
est. This accords with the photoionization hypothesis and with
the idea that the BELs are broadened by their orbital Keplerian
motion around the central source (Peterson & Wandel 1999).
On the other hand, the BELs do not at all have the same

dynamical properties in all objects. A broad distribution of line
widths from ∼1000 km s!1 (in narrow-line Seyfert 1 galaxies

1 Also at Osservatorio Astronomico di Roma, Monteporzio-Catone (RM),
Italy and Istituto di Astrofisica Spaziale CNR, Via del Fosso del Cavaliere,
Roma, Italy.

[NLSy1s]) to ∼20,000 km s!1 (in the broadest broad-line type
1 AGNs) is present. A model by Wandel (1997) attempts to
forge a physical link between the breadth of the permitted
optical emission lines of type 1 AGNs and the steepness of
their X-ray continuum: a steeper X-ray spectrum has stronger
ionizing power and hence the broad emission line region
(BELR) is formed at a larger distance from the central source,
where the velocity dispersion is smaller and so produces nar-
rower emission lines. Alternatively, Laor et al. (1997) use a
dynamical argument to suggest that small emission-line widths
are a direct consequence of large L/LEdd.
Here we propose that a vertical disk wind, originating at a

critical distance in the accretion disk, is the origin of the BELCs
and that the widths of the BELs are the Keplerian velocities
of the accretion disk at the radius at which this wind arises.
The disk wind forms for external accretion rates higher than a
minimum value below which a standard SS disk (SS73) is
stable and extends down to the last stable orbit. The model
explains the observed range of FWHMs in the BELs of AGNs
as a function of a single physical quantity connected with the
AGN activity: the accretion rate. In § 2 we present our model
and show the basic equations that support our findings. In § 3
we discuss the observational consequences and compare with
existing data.

2. THE MODEL

The three main ingredients of our model are (a) the transition
radius rtran, derived by setting equal the radiation pressure at

and the gas pressure at , in a standard SS diskr ! r r 1 rtran tran
(SS73):

16/211!16/21 2/21 ˙r f ! 15.2(am) m , (1)tran ( )h

(b) the approximate analytical relationship giving the fraction
of energy dissipated in the corona, in a dynamical disk/corona
configuration (WCZ97):
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Fig. 1.—Predicted accretion rate vs. FWHM(rwind), FWHM(rmax) for m =
, 107, 108, and 109 and in the range .6 ˙ ˙10 m m (m)! 10min

and (c) the maximum radius below which a stable co-accreting
disk/corona configuration can exist, obtained by setting b = 0
(WCZ97):

2/31!2/3 ˙r f ! 8000 a m . (3)max ( )h

In the above equations we have used dimensionless quantities:
, , , with˙ ˙ ˙˙m = M/M m = M/M r = R/R M = 1.5#, Edd 0 Edd
g s!1, and , for a nonrotating black17 !1 210 h m R = 6GM/c0

hole; here h is the maximum efficiency. Finally, f gives the
boundary conditions at the marginally stable orbit: f = f (r) =

.!0.5(1! r )
We note that (with the adopted units) rmax does not depend

on the mass, while rtran depends only very weakly on it. How-
ever, both of these critical radii depend on the accretion rate
and, interestingly, do so with similar powers. This results in a
quasi-rigid radial shifting of the region delimited by these two
distances as the accretion rate (in critical units) varies. From
equations (1) and (3) we can estimate the total radial extent of
this region to be of the order of ∼10 times rtran for 8m = 10
and .2 Equation (1) allows us to define the minimumṁ = 1
external accretion rate needed for a thermally unstable radiation
pressure–dominated region to exist. From the condition r 1

(the limit of validity of the SS disk solution), we have1.36
. Throughout this Letter we as-!1/8˙ ˙m ! m (m) ! 0.3h(am)min

sume and a viscosity coefficient of , whichh = 0.06 a = 0.1
give a minimum external accretion rate of ṁ ∼ (1–4)#min

for m in the range 106–109. At lower accretion rates a SS!310
disk (SS73) is stable down to the last stable orbit: we propose
that all the available energy is dissipated in the disk and no
radiation pressure–supported and –driven wind is generated.
AGNs accreting at these low external rates should show no
BELs in their optical spectra. For accretion rates , a˙ ˙m ! mmin
SS disk is unstable (Lightman & Eardley 1974) and a stabi-
lizing, co-accreting “disk/corona " outflow” system forms
(WCZ97). The fraction of energy dissipated in the corona, and
powering the vertical outflow, is maximum at rmax and decreases
inward following equation (2) (see also Fig. 6 in WCZ97). At
radii smaller than rtran the available energy is almost equally
divided between the disk and the corona (WCZ97). We then
adopt an averaged radius rwind for the transonic outflow (and
so for the BELRs), obtained by weighting the radial distance
by (eq. [2]), between rtran and rmax. We computed rwind(1! b)
numerically for several values of m and .ṁ
In the next section we discuss the implications of our model

for linking the gas of the BELR in type 1 AGNs and the
accretion mechanism.

2.1. Dynamical Properties

We calculated the orbital velocities at rwind under the Kep-
lerian assumption: . We then trans-!1/2b(r ) = v/c = (6r )wind wind
formed these velocities to FWHM values of the lines emitted
by these clouds of gas using the relationship FWHM =

(Netzer 1991), where is the averaged2 21/2 1/2 "2(Av S) (Av S) = v/ 2
Keplerian velocity in a cylindrical geometry. In Figure 1 we
show the relationship between the accretion rate [in the range

] and the expected FWHM(rwind) (solid, thickṁ (m)! 10min
curves) and FWHM(rmax) (dashed, thin curves) for ,6m = 10
107, 108, and 109. These curves are independent of the mass

2 The radial extent of the vertical outflow containing the BELCs, however,
is smaller than this, being constrained by the weighting function (1! b)
(eq. [2], WCP97).

of the central black hole, and so they overlap in the diagram
of Figure 1. However, for each curve, the maximum FWHM
reachable depends on the mass through the limit imposed by
the minimum external accretion rate needed for anṁ (m)min
unstable SS disk to exist. At the bottom of the plot, the four
horizontal lines indicate these values of . The parameterṁ (m)min
space delimited by the dashed and solid curves of Figure 1
gives a possible range of FWHMs at a given accretion rate, so
allowing, at least partly, for a stratification of the BELCs in a
single object.3 Finally, we marked two different regions in the
diagram of Figure 2: (1) for accretion rates (sub-ṁ ! 0.2
Eddington regime), the predicted FWHMs are quite broad
(!4000 km s!1) and similar to those typically observed in
broad-line type 1 AGNs and (2) for (Eddington toṁ = 0.2–3
moderately super-Eddington), the corresponding FWHMs span
the interval ∼1000!4000 km s!1, which contains the value of

km s!1 used to separate the two classes ofFWHM = 2000
broad-line type 1 AGNs and NLSy1s. Hence our model predicts
that narrow-line type 1 AGN accrete at higher accretion rates
compared to broad-line objects, as in the Pounds, Done, &
Osborne (1995) suggestion. However, the mass of the central
black hole in NLSy1 does not need to be smaller than that of
broad-line type 1 AGNs, which reconciles the NLSy1 paradigm
with the recent results of WPM99 and the mass estimate for
the NLSy1 galaxy TON S180 (S. Mathur 1999, private com-
munication).

3. COMPARISON WITH OBSERVATIONS

Figure 3 shows an analogous and complementary diagram
to Figure 2, where we plot rwind in physical units on the Y-axis.
The four mostly horizontal curves correspond to the four black
hole masses , 107, 108, and 109, with the accretion rate6m = 10

3 However, according to the model for the quasar structure proposed by
Elvis (2000), a more complete and satisfactory explanation is that the high-
and low-ionization BELs are actually produced in two separate regions of the
outflow: in the vertical part, at a height from the disk surface (highz ! r
ionization lines) and in the radially displaced part (low ionization lines) located
at (WCZ97) and shadowed by the vertically flowing gas (Elvis 2000).z 1 r
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Fig. 2.—The rwind vs. FWHM(rwind) curves for four values of the black hole
mass ( , 107, 108, and 109: mostly horizontal curves), and four values6m = 10
of the accretion rate ( , 0.1, 1, 10: vertical curves). The units on theṁ = 0.01
Y-axis are both in light-days (left axis) and centimeters (right axis). The points
are the measured BELR distances and Hb FWHMs for the 19 type 1 AGNs
of the WPM99 sample.

Fig. 3.—Correlation between the relative radiative efficiency y and the
measured black hole mass mmeas.

increasing from the bottom right to the top left of the diagram.
The four vertical lines correspond to four values of the accretion
rate , 0.1, 1, and 10, with black hole mass increasingṁ = 0.01
from the bottom to the top. The space delimited by this grid
contains all the allowed range of distances and orbiting veloc-
ities of the BELCs in this model. We also show a horizontal
band that delimits the typical observed BELR sizes (WPM99).
Superposed on this diagram, we plot the recent measurements
of distance and FWHM reported by WPM99 and obtained by
using the reverberation-mapping technique. The points are
numbered following the order of Table 2 in WPM99. For each
point, the grid of Figure 2 allows one to uniquely determine
the predicted accretion rate and black hole mass. We calculated
the ratio y between the measured (WPM99) dimensionless lu-
minosity and the predicted accretion rate. y isl = (L /L )ion Edd
then a measure of the relative efficiency (compared to the max-
imum radiative efficiency h: , where ) with2˙y = e/h e = L /Mcion
which the accretion power is converted into ionizing luminos-
ity. We found that y is correlated with the measured mass of
the central black hole: , , cor-!(0.4!0.9) (1.00!0.14)y = 10 M R = 0.688
responding to a probability of (Fig. 3;P(1 R; N = 16) = 0.4%
we do not consider here the three objects of theWPM99 sample
for which only upper limits on the central black hole mass were
available). The correlation is still significant [ ,R = 0.62

] when the object (NGC 4051) with theP(1 R; N = 15) = 1.3%
lowest mass and relative radiative efficiency is removed. This
observational result is not an obvious consequence of our model
and needs study. This correlation may explain why we do not
see very low mass AGNs (!104 M,): the efficiency in con-
verting accretion power into luminosity may be too low for
such objects.

4. TESTING THE MODEL

4.1. Observed Broad Line Widths
In the framework of our model, those AGNs showing par-

ticularly broad emission lines (FWHM ∼ 15,000–20,000

km s!1) in their optical spectra are objects that are accreting
at a very low rate, close to but higher than . Theirṁ (m)min
expected ionizing luminosity is then given by L ∼ion

ergs s!1, where M8 is the mass of43 15/8˙y(m)m (m)L ∼ 10 Mmin Edd 8
the central black hole in 108 M,, and we used the correlation

. The predicted ionizing luminosity at the minimumy ∼ 0.4M8
accretion rate is then ergs s!1 and43L (M = 1) ∼ 10ion 8

ergs s!1. AGNs with strong and excep-41L (M = 0.1) ∼ 10ion 8
tionally broad emission lines (e.g., broad-line radio galaxies:
Osterbrock, Koski, & Phillips 1975; Grandi & Phillips 1979)
should then host a massive central black hole, of 108–109 M,.
Lower mass black holes accreting at rates slightly higher than

may also have very broad optical emission lines, butṁ (m)min
they would be hard to detect because of their low-contrast
optical spectra.
Emission lines broader than ∼20,000 km s!1 should not exist

for any plausible mass of black hole. This limit seems to be
obeyed. km s!1 are rare. Steiner (1981) listsFWHMs ∼ 20,000
14 out of 147 AGNs with full width at zero intensity (FWZI)
between 20,000 and 25,000 km s!1 (only three with FWZI 1

km s!1). The number with km s!123,000 FWHM ∼ 20,000
will be much less.

4.2. Low-Luminosity AGNs

Nearby AGNs with independently measured masses (see Ho
1999) that imply accretion at rates lower than shouldṁ (m)min
show no BELs in their optical spectra.
NGC 4594 is a low-luminosity ( ; Nicholson40L ∼ 3.5# 10X

et al. 1998) AGN/LINER with a spectroscopically well-esti-
mated mass of 109 M, for the central object (Kormendy et al.
1996). This gives a ratio between the X-ray (ASCA) and the
Eddington luminosity of NGC 4594 of . In our model,!73# 10
no BELR should exist at this low . Nicholson et al.L/LEdd
(1998) showed that no broad Ha was present in the Hubble
Space Telescope spectrum of NGC 4594. From the ASCA spec-
trum they also put an upper limit on the column density of
cold absorbing gas of cm!2. This is much lower212.9# 10
than the amount of gas that would be needed to obscure the
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TABLE 1
Source Parameters

Source Name
LX

(#1042 ergs s!1)
Mbh

(#107 M,)
ṁ

(#10!3L/LE) HBLR Sample

IC 5063 . . . . . . . . . 8.1 28 2.2 Yes P
Mrk 438 . . . . . . . . 10.5 12 6.6 Yes P
NGC 4388 . . . . . . 6.4 35 1.4 Yes P
NGC 5506 . . . . . . 8.7 9.9 6.6 Yes P
NGC 6552 . . . . . . 3.1 15 1.5 Yes P
Mrk 1210 . . . . . . . 16.3 10 13 Yes P
NGC 3081 . . . . . . 0.67 13 0.59 Yes S
NGC 4507 . . . . . . 16.5 18 8.1 Yes S
NGC 5252 . . . . . . 11.6 36 2.8 Yes S
M51 . . . . . . . . . . . . . 0.007 6.8 0.009 No P
NGC 3079 . . . . . . 0.018 1.4 0.09 No P
NGC 4941 . . . . . . 0.086 5.1 0.13 No P
NGC 7582 . . . . . . 1.57 20 0.6 No P
NGC 3281 . . . . . . 6.28 28 2.0 No S
NGC 7590 . . . . . . 0.06 6.3 0.084 No S

Note.—The 2–10 keV X-ray luminosities, black hole masses, and accretion rates (defined
as the ratio of bolometric to Eddington luminosity) for our final primary (P) and secondary
(S) samples.

Fig. 1.—Black hole masses vs. accretion rates (defined as ˙ ˙ṁ p M/M pE
). Open and filled symbols refer to HBLRs and non-HBLRs. Circles andL /Lbol E

squares are sources from our primary and secondary samples, respectively.

line). The only exceptions are NGC 3081 and NGC 3281, both
sources from our “secondary” sample. NGC 3081 is an HBLR
source, with an accretion rate of ∼ , a factor of ∼2!46# 10
below the threshold value, while NGC 3281 is a non-HBLR
source accreting at a rate of ∼ , again a factor of 2,!32# 10
but above the threshold. We looked at these two exceptions in
somewhat greater detail. The flux of NGC 3081 reported in
Gu & Huang (2002) is taken from Maiolino et al. (1998;
BeppoSAX data). We reanalyzed those data and found very
similar results. However, the spectral parameters are very
poorly constrained. If the power-law index is fixed to 2 (instead
of the value of 1.7 chosen by Maiolino et al. 1998), an almost
equally good fit is found, but the inferred luminosity (and then
) is twice as large,7 moving the source to the right side ofṁ
our - plane, and so supporting our main conclusion.ṁ MBH
The X-ray luminosity reported by Gu & Huang (2002) for

the second exception in our sample, the non-HBLR source

7 This large uncertainty is due to the low signal-to-noise ratio of the ob-
servation coupled with the large value of NH.

NGC 3281, is based on an ASCA observation (Bassani et al.
1999) and is underestimated by a factor of ∼3. A subsequent
BeppoSAX observation, in fact, demonstrated that the source
is actually moderately Compton-thick (Vignali & Comastri
2002), which implies a higher intrinsic luminosity. This, in
turn, implies a higher accretion rate compared to that reported
in Table 1 and then amplifies, rather than moderates, the dis-
crepancy found. However, for this source we could not find in
the literature details on the spectropolarimetric observation, so
it is impossible to judge how significant the upper limit is on
the presence of polarized broad lines.

4. DISCUSSION

We have presented evidence for a correlation between the
presence of HBLs in the polarized optical spectra of nearby
Seyfert 2 galaxies and their nuclear accretion rate. Virtually all
sources with HBLRs are found above the threshold value of

, in the - plane, and vice versa. Our sample is!3˙ ˙m p 10 m MBH
admittedly small, but both the spectropolarimetric observations
(at least for the sources of our primary sample) and the X-ray
luminosities are quite reliable. It should be also noted that the
many sources of uncertainties in our estimates (namely,ṁ
[1] the bulge-to-total luminosity ratio vs. T-type, [2] the black
hole mass to bulge luminosity correlation, and [3] the bolometric
correction) would likely destroy, certainly not artificially create,
the observed correlation.
Our findings fit nicely with predictions of the model of N00,

in which the BLRs originate from the accretion disk at the
transition radius between the gas pressure and radiation pres-
sure dominated regions. This suggests that the accretion rate
(N00), rather than the line width (Laor 2003), is indeed the
parameter physically responsible for the presence or lack of
BLRs in AGNs.
It is remarkable that the threshold value of that!3ṁ ! 10thres

we find is so close to what is predicted in the framework of
the N00 model (i.e., about for a black hole mass of!34# 10

). The threshold value , however, is almost in-8 ˙10 M m, thres
dependent of the spin of the black hole, and so, unfortunately,
this model cannot be used to discriminate between spinning
and nonspinning black holes. This is because in the N00 model
the critical radius at which the BLR should form decreases with
increasing radiative efficiency in the disk and this decrease is

The Astrophysical Journal, 748:130 (10pp), 2012 April 1 Marinucci et al.

Figure 2. Bolometric luminosity inferred from the 2–10 keV luminosity against the Eddington ratio for all the Compton-thin sources of our sample is plotted in the
top panel while in the bottom plot Compton-thick sources are introduced, using a correction factor of 70. The dotted lines represent the maximal separation values
between the cumulative distribution of the two samples with respect to Lbol and λEdd.
(A color version of this figure is available in the online journal.)

relation to derive the stellar velocity dispersions. We then com-
pared these estimates with the measurements of σ∗. Figure 3
shows the result of this comparison: clearly, the two values dif-
fer significantly and do not appear to be linearly correlated with
one another. We, therefore, use only BH estimates based on di-
rect measures of the σ∗ in order to avoid further uncertainties
due to the indirect derivation of this parameter.

Another important source of potential error is the proxy used
to derive the nuclear bolometric luminosity of an obscured AGN.

In our work, we use 2–10 keV luminosities, which are a di-
rect probe of the intrinsic nuclear activity. However, such lumi-
nosities are available only for a limited number of Seyfert 2s.
On the contrary, [O iii] luminosities only echoes the intrinsic
nuclear activity but are available for a much larger number of
obscured AGNs. To check the goodness of the [O iii] lumi-
nosity estimator, we compared our results with those obtained,
for the sources of our sample, by using the [O iii] luminosities
and the bolometric luminosities derived from them, through the

6
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Table 1: Chandra best-fit spectral model1

Model Parameter 1 Normalization2 Parameter 3

Power-law Γ = 1.6 ± 0.1 2.4 ± 0.3 × 10−4

Black Body kT= 0.11+0.05
−0.02 keV 7+7

−4 × 10−6

Line 1 E = 6.4 keV† 5 ± 2 × 10−6 EW = 268 ± 100 eV
Line 2 E = 6.7 keV† 4 ± 2 × 10−6 EW = 176 ± 100 eV

1. χ2
ν

for the joint fit is 1.0 for ν = 104 dof.

2. in units of photons s−1 cm−2 keV−1

†: Rest-frame; parameter frozen.

Fig. 1.— Chandra spectra of Mrk 590. The high state spectrum of 2004 and the low state

spectra of 2013 and 2014 are shown. The spectra are fitted with a simple power-law con-
tinuum models modified by Galactic absorption; these are shown with colored lines to guide

the eye. The purpose of this figure is to show that the source continues to remain in the low

state in 2014.

– 13 –

Fig. 5.— Milky Way extinction corrected HST/COS spectrum of Mrk 590 with continuum

and line models. Shown are observed flux densities shown as function of the restframe wave-

lengths. Top panel: The observed spectrum with the power-law continuum model (purple

curve), the Balmer continuum model (blue curve), the iron emission model (red curve), and

the sum of the three models (green curve) shown superimposed. Middle panel: Residuals

obtained by subtracting the continuum, iron, and Balmer emission models shown along with

the flux errors (gray dotted curve). Indicated in black are the wavelength regions used to fit

the power-law continuum. The Mg ii emission line is clearly broad. Bottom panel: Emission

line spectrum (black) obtained by subtracting the continuum, iron, and Balmer emission

models (shown in the top panel) from the observed spectrum with the line models super-

imposed. Model-fit were made to NIII]1750Å (red curve) and the broad (magenta curve)

and narrow (red curves) components of Mg ii. Red curves show the narrow line components

while brown, blue and yellow curves represent the three Gaussian functions used to model

the broad Mg ii component (magenta curve). The gray curve (around zero flux level) shows

the residuals after subtracting the emission line model. Yellow stars indicate pixels deviat-

ing more than 3σ from the rms in the spectrum, which were filtered out prior to the line

modeling. The flux errors are shown by the green dotted curve.

m = 5x107
 

No BELs in 2013 (Denney+14) 
The Astrophysical Journal, 796:134 (13pp), 2014 December 1 Denney et al.

Figure 5. Starlight and power-law-continuum-subtracted, residual spectra of Mrk 590, zoomed to exhibit only the Hβ and [O iii] λλ4959, 5007 emission-line region
of the 10 optical spectra of Mrk 590 from Figure 1. The year and/or month of observation is given to the left of each spectrum. The dashed lines represent the artificial
zero-level continuum under each spectrum after adding the flux offsets given in parentheses to the right of each spectrum. The spectra are otherwise on the same
flux scale.

changes observed within the RM campaign spectra from 1989,
1993, and 1996 are typical for Sy1s. However, the dramatic
changes observed here, i.e., between 1973 and 1989 and again
between 1996 and 2013, are likely connected to the dramatic
changes occurring on similar timescales in the level of the AGN-
continuum flux. These observed changes have been predicted
from photoionization modeling of the BLR, which demonstrates
that the equivalent widths and responsivity of the optical recom-
bination lines vary with the incident continuum flux (Korista &
Goad 2004). Furthermore, Korista & Goad (2004) find that op-
tical depth effects within the BLR predict larger responsivities
for higher-order Balmer lines compared to the lower-order lines,
with the effect being a steepening (flattening) of the broad-line
Balmer decrement in low (high) continuum states. These results
predict the variation of the intermediate Seyfert type (1.5–1.9)
over large changes in the continuum flux, as observed in these
changing-type Seyferts, such at NGC 4151, NGC 2617, possibly
NGC 2992, and here in Mrk 590.

While the broad emission-line flux changes are the most
dramatic, the relative changes in the emission arising from
the narrow line-emitting region (NLR) are actually the most
intriguing, as well as physically enlightening, and allow a
possible history of the central region of Mrk 590 to be at least
partially assembled. Narrow-line fluxes are given in Table 1, and
the [O iii] λ5007 emission-line light curve is shown in Figure 4,

both of which demonstrate that the [O iii] λ5007 flux varied
significantly across these four decades. Reverberation-mapping
studies have shown that while the BLR emission is variable on
relatively short timescales—hours to weeks—the NLR emission
remains constant over much longer timescales because of the
radial distance from the central source to the NLR, geometric
damping or smoothing of any variability due to the large spatial
extent of the NLR, and long recombination times due to the
low densities in the NLR. The NLR will not “reverberate” in
response to small changes in the ionizing continuum emission as
the BLR does. Narrow-line variability has only been previously
noted in the literature a couple of times. Antonucci (1984) report
changes in narrow-line flux and flux ratios, but only for narrow-
line radio galaxies, and Ferland et al. (1979), Zheng et al. (1995),
and Zheng (1996) measure changes in the narrow-line fluxes
in radio-loud AGN 3C 390.3. In the case of the latter object,
the narrow-line fluxes are observed to decline within only ∼4
months of the continuum decline, and Zheng et al. (1995) and
Zheng (1996) suggest the narrow-line emission in this source
may not only be exceptionally compact and dense, but also
be affected by the jet, which is known to produce a beamed
component of the continuum emission.

It was demonstrated only recently by Peterson et al. (2013)
that the NLR emission in a radio-quiet AGN, NGC 5548, does
vary over long timescales, i.e., a few to tens of years, and

9
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Neglecting the boundary condition factor f (r) :

rwind = rmax ≈ 8000 α
1
η
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In a cylindrical geometry: 

FWHM (r) = 2(< v2 >)1/2 = 2βc = c(3r)−1/2 ⇒

⇒ FWHM (rwind ) = c 3×8000 α
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!m−1/3 ⇒

⇒ log !m = −3log(FWHM )+ 9.860+ log(η /α)

For α = 0.1 and η = 0.06

⇒ log !m = −3log(FWHM )+ 9.638

!mmin ≈ 0.3η(αm)−1/8 ≈ 2.6×10−3
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Rd  = Dust Sublimation Radius
RBEL = ξRd ⇒ ξ = (RBEL / Rd )<1

Rd (pc) ≈ 0.4L45
1/2 ⇒ Rd (cm) ≈1.2×1018L45

1/2 ≈ 3.8×10−5Lbol
1/2

LEdd ≈1.2×1038m ⇒

⇒ rd ≈ 4.6×108m−1/2 !m1/2

⇒ FWHM (rBEL ) ≈ 8ξ −1/2m1/4 !m−1/4 or: 

log( !m) ≈ −4 log(FWHM )+3.602− 2 logξ

!mmin ≈ 9.2×10−4m−1/3 ≈ 2.5×10−6



log !m = −Γlog(FWHM )+ A

log !m = −3log(FWHM )+9.860+ log(η /α) (Nicastro+00)
log( !m) ≈ −4log(FWHM )+11.311− 2logξ (Elitzur +14)

⇒ (η /α) = 0.138
−0.131
+2.616 (cf. with 0.6 for α=0.1 and η=0.06)

⇒ ξ = rin / rd = 0.07
−0.05
+0.24 (typically the Hβ  is at ~0.5rd )
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Best Fitting Parameters 
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Best-Fit (1σ Errors) 
Γ = 2.82 ± 0.36  
A = 9.0 ± 1.3 
χ2(dof) = 1.4(2) 

ΔΓ(3.25σ; 2 Int.Pars) = 1.18  
è Inconsistent with Elizur+14 at 3.25σ 
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Γ Frozen to Nicastro00 

log !m = −3log(FWHM )+ A

log !m = −3log(FWHM )+ 9.860+ log(η /α) (Nicastro+00)

⇒ (η /α) = 0.57± 0.05 (cf. with 0.6 for α=0.1 and η=0.06)

Best-Fit (1σ Errors) 
Γ = 3.0 (Frozen)  
A = 9.62 ± 0.08 
χ2(dof) = 1.7(3) 
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Γ Frozen to Elitzur+14 

log !m = −Γlog(FWHM )+ A

log( !m) ≈ −4log(FWHM )+11.311− 2logξ (Elitzur +14)

⇒ ξ = rin / rd = 0.114±0.009 (Pr obably too small)

Best-Fit (1σ Errors) 
Γ = 4.0 (Frozen)  
A = 13.20±0.08 
χ2(dof) =  12.0(3) 
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The Viscosity Crisis of CL AGNs 
...Free-Fall/Orbital-Time seems to work! 
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Conclusions 
•  Mkn 590 drops its accretion rate by a factor of ~100 over a period of ~24-30 

years 
•  During this period BELs get broader and eventually disappear 
•  This offers, for the first time, the opportunity to compare models for the BELR 

very existence and location, in a single source.  
•  Data are extremely well fit by a model that relates widths of BELs with 

accretion rate (N00) 
•  The same data rule out models were the location of BELRs is based on 

photo-ionization (i.e. R~L1/2, e.g. Elitzur+14), at a significance of 3.25σ 
•  Moreover, the Elitzur+09/+14 empirical relation on the minimum accretion 

rate below which BELRs disappear is seriously falsified by the data of Mkn 
590 (perhaps LLAGNs and Seyferts are two completely different beasts) 

•  The data of Mkn 590 (and those of any other CL AGNs) pose a serious 
problem to the α-disk prescription (problem known as “viscosity crisis”) 

•  The phenomenon seems to happen over the free-fall (or orbital) timescale  


