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The slope ! forO vi "1034 is of particular interest for testing
the hypothesis of a steeper BEff toward higher ionization ener-
gies since #ion(O+5) is more than twice #ion(He+2) and nearly
15 times #ion(Mg+). Assuming a constant ratio of Ly! /O vi
"1034 ¼ 0:30 does not significantly change the slope of the
BEff for O vi "1034. However, !(O vi "1034) would become
steeper by nearly 25% if Ly! follows the same BEff as Ly$ and
Ly! /Ly$ ¼ 0:059" 0:04 (Laor et al. 1995).

To quantify the relationship of the BEff slopes ! to #ion,
we calculated linear least-squares fits to the points in Figure
9, excluding the outlying data point for N v "1240. The
resulting slope, %, is the same with (% ¼ #0:00154"0:00024)
or without (% ¼ #0:00150" 0:00030) the O vi "1034 line
included. This result indicates that O vi "1034 does not
dominate the !-#ion relation.

6. DISCUSSION

6.1. Comparisons with Other Studies

In general, the slopes of the BEff derived here are con-
sistent with prior investigations. However, the large range
in both luminosity and redshift that distinguishes our
quasar sample reveals correlations that were missed in

some other studies. In particular, we can more clearly
separate the trends with L and z, and our use of compo-
site spectra across a wide luminosity range more accu-
rately probes the BEff slopes, e.g., for weaker lines. In
the following we provide some more detailed compari-
sons with earlier work.

The slopes we derived for Ly$ "1216, C i v "1549, C iii]
"1909, and Mg ii "2798 are in good agreement with prior
studies (Kinney et al. 1990; Osmer et al. 1994; Laor et al.
1995; Green 1996; Turnshek 1997; Zamorani et al. 1992;
Zheng et al. 1995; Wang, Lu, & Zhou 1998; Espey &
Andreadis 1999). The steeper slopes for C iv "1549 in Osmer
et al. (1994), Laor et al. (1995), and Green (1996),
! ¼ #0:23 compared to ! ¼ #0:14 here, might be caused
by the luminosity range of their quasar samples,
"L"ð1450 GÞe1044 ergs s#1. Using only theW"(C i v) meas-
urements for "L"ð1450 GÞe1044 ergs s#1 in our sample, we
calculate a slope of the BEff of ! ¼ #0:20" 0:03 for C iv
"1549 (Table 1).

A lack of the BEff for C iv "1549 and C iii] "909 is
reported by Wilkes et al. (1999). They conclude that this is
caused by the narrow-line Seyfert 1 galaxies (NLSy1s) in
their sample, which decrease the strength of the BEff; a sig-
nificant BEff is found for both C iv and C iii] if the NLSy1s

Fig. 5a Fig. 5b

Fig. 5.—(a) Normalized composite spectra are shown for the luminosity bins [D log"L"ð1450 GÞ ¼ 0:5 dex)] as displayed in Fig. 1. The spectra were
normalized with the corresponding power-law continuumfit. The horizontal dashed lines indicate the continuum level for the individual normalized composite
spectra, which were vertically shifted for better display. The normalized continuum strength is shown for the spectrum at the bottom of the figure and it applies
for the other spectra as well. (b) Same as (a), but with an expanded vertical scale to display the dependence of the relative strength of weaker emission lines as a
function of luminosity. Strong emission lines with flat tops are truncated for easier display.
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galaxies in their sample are omitted. We note that these
NLSy1s are also low-luminosity AGNs. As can be seen in
Figures 5a and 5b, the Baldwin relation is significantly flat-
ter for low luminosities than at higher luminosities. Any
AGN sample favoring a narrow luminosity range can dilute
or bias the derived BEff. Similarly, the steeper BEff slopes
reported by Laor et al. (1995) for O i !1305, C ii !1335, Si iv
!1402, and He ii !1640 can be attributed to their smaller
luminosity range [!L!ð1350 GÞ ’ 1045 1048 ergs s#1].

The slope for the BEff for the high-ionization emission
line O vi !1034 ("ion ’ 114 eV) is also consistent with prior
investigations. The reported slope #(O vi !1034) varies
between #0:30$ 0:04 (Zheng et al. 1995; Turnshek 1997)
and #0:15$ 0:08 (Laor et al. 1995), with most recent stud-
ies favoring a less steep anticorrelation (#0:18$ 0:03; Espey
& Andreadis 1999). Wilkes et al. (1999) found only a mar-
ginal anticorrelation of W!(O vi !1034) and continuum
luminosity. However, they noted that this result is based on
just 10 objects. Green (1996) and Green et al. (2001) did not
detect a significant BEff for O vi !1034 in their analysis of
the LBQS data set, taking all quasar spectra into account,
i.e., including upper limit measurements as well. However,
using only those spectra with detected O vi !1034, the BEff
is clearly present. A possible reason for the missing BEff for
O vi !1034 in their study might be the very narrow lumi-
nosity range [46:2d log! L!ð2500 GÞd47:0] covered by
LBQS quasars at these wavelengths. A comparison of our

Figure 7a with Figure 2 in Green et al. (2001) shows that we
measure the same range of O vi !1034 equivalent widths for
this luminosity, logW!(O vi !1034Þ ’ 1:1. Hence, we con-
clude that the nondetection of the BEff for this high-ioniza-
tion line in Green et al. (2001) is predominantly caused by
their very small luminosity range.

Fig. 7.—Line equivalent widths, W!, as a function of increasing
continuum luminosity !L!ð1450 GÞ. We calculated linear fits to W!(L) for
the entire luminosity range (dashed line), as well as a luminosities
log!L!ð1450 GÞ % 44 (dash-dotted line).

Fig. 6.—Same as Fig. 5, but the normalized composite spectra are shown
at larger wavelengths.
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Similar ne  and U distributions  (or ne, nph)



Two interesting coincidences in the BLR

RBLR ~ Rsub - the dust sublimation radius 
Pgas ~ Prad  in the BLR 
!
Davidson (1972) 
Greg Shields (1978) Pittsburgh Conference on BL Lac Objects

But the relation were not quit valid.  
(because RBLR was off by a factor of ~10) 
!
Reverberation gave the correct RBLR (late 80’s), and then the  
above relations became valid.  
But by then the ideas were forgotten… 



What sets nph?
Dust opacity - 10-21 per H 
Photoionized gas opacity - 10-23/U per H 
          Dust dominates the absorption when U>10-2

Dust survives down to Rsub=0.2L461/2 pc. 
Sets the outer BLR radius (Suganuma+06), for U>10-2 gas 
!
Dust survival in the accretion disk atmosphere may set the 
inner BLR radius (Hryniewicz & Czerny 11) 
!
Explains the famous RBLR=0.1L461/2  RM result 
!
Implies a universal nph ~ 3x109 cm-3 in the BLR



What sets ne?
Radiation carries energy and momentum 
If the gas is not outflowing, Prad must be balanced by PgasRadiation Pressure Confinement

AGN

Assuming hydrostatic solution => radiation force is 
balanced by ΔPgas:
dPgas(r) =

L

4⇡r2c
e�⌧(r)d⌧, ⌧(r) =

Z r

ri

d⌧

dPgas(r)

dr
=

L

4⇡r2c
e�⌧(r)↵, d⌧ = ↵dr

α - the flux-weighted mean absorption coefficient

rriAt the 0’th order level Prad=Pgas 

!
2nekT=nph<hnu>,   nph/ne=U=2kT/<hnu>  
2kT~3eV, <hnu>~30eV    
!
——>  U=0.1   Independent of distance and luminosity 



What is the structure of the absorbing layer?Radiation Pressure Confinement

AGN

Pgas=2nkT
The ambient Pgas(ri)≪L/4!r2c for rBLR.

H ionization front
rri

⌧(r) & 1 �! �Prad(r) ' Prad =
L

4⇡r2c
= n�hh⌫i

RPC. II. Application to the BLR 3

Here we present a hydrostatic solution for gas in the
BLR. In Section 2, we first provide a simplified analytic
solution for the density profile inside an RPC photoionized
slab, and then discuss the numerical methods used. Section 3
presents the resulting internal structure of the photoionized
gas, and its dependence on the boundary conditions and dis-
tance from the ionizing source. We also present the result-
ing line strength as a function of distance, ionizing SED and
metallicity. The results are discussed in Section 4, and the
main conclusions are provided in Section 5. In a companion
paper (Stern et al. 2013, hereafter Paper I), we expand the
work of Dopita et al. (2002) and Groves et al. (2004), and
study the effect of RPC at all radii beyond the sublimation
radius.

2 RADIATION PRESSURE CONFINEMENT

To explore the net effect of continuum radiation pressure
on the radial structure of the BLR gas, we analyze the gas
element in its rotating frame, and implicitly assume that
the force which determines the radial structure is set only
by the incident radiation. This assumption is valid under
the following conditions.

(i) The total gas column density is large enough (!
1024 cm−2) for the black hole gravity to dominate the radi-
ation force.

(ii) The gas is on circular orbits maintained by the black
hole gravity.

(iii) The gas forms an azimuthally symmetric structure,
so a shear in the tangential velocity with radius will not
affect the gas radial structure.

The effects of deviations from the above assumptions are
briefly discussed in Section 4.

2.1 A simplified analytic solution

2.1.1 The gas pressure structure

The radiation force on a thin layer of gas at a given r is the
momentum deposited by radiation per unit area per unit
time, which is

frad =
Lion

4πr2c
e−τ(r)dτ, (1)

where dτ is the flux weighted mean optical depth of the thin
layer, and

τ (r) =

∫ r

ri

dτ, (2)

and ri is the position of the illuminated face of the slab of
gas. For simplicity we assume below that (r− ri)/ri ≪ 1, so
one can ignore the geometric dilution of the radiative flux

Frad = Lion/4πr
2, (3)

as it propagates through the slab. Therefore, below we as-
sume Frad is a constant. The relevant luminosity may be
somewhat larger than Lion, if non ionizing luminosity is also
absorbed. For example, in fully ionized gas, where electron

scattering dominates, the relevant luminosity is the bolo-
metric luminosity, where Lbol ≃ 2Lion. In a hydrostatic so-
lution, the radiative force is balanced by the gradient in the
gas pressure

dPgas(r) =
Frad

c
e−τ(r)dτ. (4)

Since dτ = αdr, where α is the flux weighted mean absorp-
tion coefficient and dr is the thickness of the layer, we get

dPgas(r)

dr
=

Frad

c
e−τ(r)α. (5)

The solution for Pgas(r) is given by integrating the above
equation. Deep enough in the slab, where τ (r) ≫ 1, the
integral yields

Pgas =
Frad

c
+ Pgas,i. (6)

where Pgas,i is the gas pressure at the illuminated face, given
by the ambient pressure (e.g. a hot dilute gas). The solution
is independent of the nature of α, which just sets the physical
scale required to obtain τ (r) ≫ 1. Since

Prad = Frad/c (7)

the solution is simply

Pgas = Prad + Pgas,i. (8)

If the ambient pressure is negligible, i.e. Pgas,i ≪ Prad, then
at τ (r) ≫ 1 we get Pgas = Prad, i.e. the gas pressure deep
within the photoionized layer is uniform and is set by the in-
cident radiation pressure, independent of the ambient pres-
sure. Thus, the photoionized gas layer is confined from the
illuminated side by the incident radiation pressure, while on
the back side it is confined by a thick and static neutral
medium.

2.1.2 The ionization parameter structure

As noted above, since

Prad/Pgas = nγ⟨hν⟩/2nekT, (9)

RPC yields

nγ/ne = 2kT/⟨hν⟩, (10)

deep enough where most of the ionizing radiation is ab-
sorbed. This corresponds to U ∼ 0.05 for photoionized gas
at T ∼ 104 K. The value of U increases towards the illumi-
nated surface, and the characteristic value will be U ∼ 0.1,
the value where half of the ionizing radiation is absorbed.
At the illuminated face, U is set by the boundary condition,
Ui = nγ/ne,i. But, if Pgas,i ≪ Prad, then deep enough U
is set only by Prad, and is independent of Ui. The emission
structure will also be independent of the boundary values.
For example, close to the surface layer, where say only 1 per
cent of Frad is absorbed, we necessarily get Pgas = 0.01Prad .
This corresponds to

U = 5T/104, (11)

or U ∼ 100 once T is calculated self consistently (see below).
This implies that a fixed fraction of about ∼1 per cent of
the ionizing continuum is reprocessed into line emission in
U ∼ 100 gas. Similarly ∼0.1 per cent will be emitted by
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U ∼ 1000 gas, ∼10 per cent by U ∼ 1 − 10 gas, and ∼50
per cent by U = 0.05 − 0.1 gas. Thus, one does not need to
invoke a population of ‘clouds’ with a range of U , but rather
a single ionized layer produces lines from gas with a large
range of U , with well determined relative strengths, set by
the RPC solution.

2.1.3 The density structure

Specific solutions for ne(r) based on photoionization cal-
culations are presented below. A simple analytic solution
can be obtained for a hot scattering-dominated gas, where
α = neσes, and σes is the electron scattering cross section.
This condition applies for a low ne gas, where U > 103 and
the gas is fully ionized. The gas will be at the Compton
temperature TC, and thus isothermal, which simplifies the
problem. We make a further simplification that τ (r) < 1, so
e−τ(r) ∼ 1. The derived equation is then

2kTC
dne(r)

dr
=

Frad

c
neσes, (12)

which gives

ne(r) = ne,i exp

(

r − ri
lpr

)

, (13)

where

lpr = 2kTCc/Fradσes. (14)

Thus, there is an exponential rise in ne on a length scale
of lpr (a derivation of n(r), without neglecting the geomet-
rical dilution of Frad, is presented in Appendix A). Within
a few lpr the value of ne will be high enough to inevitably
lead to U < 103, at which point the gas becomes cooler and
only partially ionized, leading to a sharp increase in the ab-
sorption opacity. Both effects, T ≪ TC and σ ≫ σes will
produce a sharp rise in dne/dr.

1 The uniform pressure re-
gion, i.e. τ (r) ≫ 1, is therefore reached within a few lpr at
most, even for an illuminated face with a very low density.

To estimate the value of lpr we need the values of Frad

and TC at the BLR. The value of Frad is derived from the
observed relation

rBLR ≈ 0.1L0.5
46 pc, (15)

where L46 = L/1046 erg s−1 and L is the bolometric lumi-
nosity (Kaspi et al. 2005; assuming L = 3L1350 , where L1350

is the luminosity at 1350 Å). This implies

Frad = L/4πr2BLR ≈ 1010erg cm−2 s−1. (16)

Photoionization calculations yield TC ∼ 3 × 106 K (see be-
low), which gives lpr ≈ 4 × 1015 cm, independent of the
AGN luminosity. This size becomes larger than rBLR for
L < 1042 erg s−1. In such low luminosity AGN, RPC can
still confine the BLR gas if U < 103 at the illuminated face,
as the gas is not fully ionized, leading to σabs/σes ∼ 10−1000
and T < 106 K, which reduces lpr by a few orders of magni-
tude, allowing RPC to work in the lowest luminosity AGN.

Since

1 For U < 103, where T < TC, the gas σ is a function of T , and
there is no analytic solution for ne(r). This is in contrast with
Paper I, where the opacity down to U ≈ 10−2 is dominated by
dust, which has a fixed σ.

Prad = Frad/c ≈ 0.3 erg cm−3 (17)

at the BLR, Pgas = Prad implies

neT ≈ 1015 cm−3 K, (18)

or ne ≈ 1011 cm−3 in the deeper part of the photoionized
gas. The ionizing spectral slope affects the value of ⟨hν⟩ by
a factor of ∼ 2 and thus will not have a significant effect on
the above estimates. The metallicity affects the ionization
structure, and thus the thickness of the ionized layer. Both
effects are explored below in the numerical calculation.

2.2 Numerical solutions

We use the photoionization code Cloudy 10.00
(Ferland et al. 1998) to calculate the structure and
line emission of RPC slabs. The code is executed with the
‘constant pressure’ command, which enforces the code to
find solutions that satisfy eq. 5. We do not include the
contribution of trapped line emission pressure (Pline) to
the gas pressure (see below). The calculation is stopped
when the ionized to neutral H fraction drops to 1 per cent.
We denote the stopping radius at the back of the slab as
rb, and the slab thickness as d = rb − ri. For some of the
models the condition d/ri ≪ 1 does not apply, and we
therefore always include the geometrical dilution r−2 term
of the flux within the slab. The total H density (neutral
and ionized) at the slab illuminated face nH,i is varied in
the range 0 ! log nH,i ! 10. We explore models in the range
41.5 ! logL ! 46. At logL > 45.5, the condition d/ri ! 0.2
applies in the BLR even for the minimal density explored,
and the slab structure is mostly a function of Frad, and thus
independent of L. The largest ri explored is just outside the
dust sublimation radius,

rdust = 0.2L0.5
46 pc (19)

(Laor & Draine 1993), i.e. twice rBLR, where dust suppres-
sion of line emission sets the outer boundary of the BLR.
The smallest ri explored is 0.03rBLR, which is close to the
size of the optically emitting region in the accretion disc.
The specific model explored is with logL = 45, where the
above range corresponds to 15.5 ! log ri ! 17.5. The values
of metallicity explored are Z = 0.5, 1 and 5Z⊙. We adopt the
scaling law of the metals with Z from Groves et al. (2004).

Three types of SED are adopted, which differ in the
ionizing SED slope αion (fν ∝ να). In all cases, the SED is
identical between 1 µm and 1 Ryd. In this range, the SED
is evaluated by using

fν = ναUV exp(−hν/kTBB) exp(−kTIR/hν), (20)

with αUV = −0.5, kTBB ≈ 13 eV and kTIR ≈ 0.1 eV. A
cut-off is assumed for λ > 1 µm. The SED in the 1 Ryd
to 1 keV (912–12 Å) range is fit by a single power-law
with αion = −1.2, −1.6 and −2.0 for the hard, interme-
diate, and soft SEDs. The adopted αion range corresponds
to the observed range of slopes between 1200 and 500 Å
(Telfer et al. 2002). The resulting optical to X-ray slopes
are αox = −1.16, −1.45 and −1.74 for the hard, interme-
diate and soft SED, respectively, similar to the range ob-
served (e.g. Brandt, Laor & Wills 2000; Steffen et al. 2006).
All three SEDs are extended from 1 keV (12 Å) up to
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U ∼ 1000 gas, ∼10 per cent by U ∼ 1 − 10 gas, and ∼50
per cent by U = 0.05 − 0.1 gas. Thus, one does not need to
invoke a population of ‘clouds’ with a range of U , but rather
a single ionized layer produces lines from gas with a large
range of U , with well determined relative strengths, set by
the RPC solution.

2.1.3 The density structure

Specific solutions for ne(r) based on photoionization cal-
culations are presented below. A simple analytic solution
can be obtained for a hot scattering-dominated gas, where
α = neσes, and σes is the electron scattering cross section.
This condition applies for a low ne gas, where U > 103 and
the gas is fully ionized. The gas will be at the Compton
temperature TC, and thus isothermal, which simplifies the
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is the luminosity at 1350 Å). This implies
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Photoionization calculations yield TC ∼ 3 × 106 K (see be-
low), which gives lpr ≈ 4 × 1015 cm, independent of the
AGN luminosity. This size becomes larger than rBLR for
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(Telfer et al. 2002). The resulting optical to X-ray slopes
are αox = −1.16, −1.45 and −1.74 for the hard, interme-
diate and soft SED, respectively, similar to the range ob-
served (e.g. Brandt, Laor & Wills 2000; Steffen et al. 2006).
All three SEDs are extended from 1 keV (12 Å) up to
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and T < 106 K, which reduces lpr by a few orders of magni-
tude, allowing RPC to work in the lowest luminosity AGN.

Since

1 For U < 103, where T < TC, the gas σ is a function of T , and
there is no analytic solution for ne(r). This is in contrast with
Paper I, where the opacity down to U ≈ 10−2 is dominated by
dust, which has a fixed σ.

Prad = Frad/c ≈ 0.3 erg cm−3 (17)

at the BLR, Pgas = Prad implies

neT ≈ 1015 cm−3 K, (18)

or ne ≈ 1011 cm−3 in the deeper part of the photoionized
gas. The ionizing spectral slope affects the value of ⟨hν⟩ by
a factor of ∼ 2 and thus will not have a significant effect on
the above estimates. The metallicity affects the ionization
structure, and thus the thickness of the ionized layer. Both
effects are explored below in the numerical calculation.

2.2 Numerical solutions

We use the photoionization code Cloudy 10.00
(Ferland et al. 1998) to calculate the structure and
line emission of RPC slabs. The code is executed with the
‘constant pressure’ command, which enforces the code to
find solutions that satisfy eq. 5. We do not include the
contribution of trapped line emission pressure (Pline) to
the gas pressure (see below). The calculation is stopped
when the ionized to neutral H fraction drops to 1 per cent.
We denote the stopping radius at the back of the slab as
rb, and the slab thickness as d = rb − ri. For some of the
models the condition d/ri ≪ 1 does not apply, and we
therefore always include the geometrical dilution r−2 term
of the flux within the slab. The total H density (neutral
and ionized) at the slab illuminated face nH,i is varied in
the range 0 ! log nH,i ! 10. We explore models in the range
41.5 ! logL ! 46. At logL > 45.5, the condition d/ri ! 0.2
applies in the BLR even for the minimal density explored,
and the slab structure is mostly a function of Frad, and thus
independent of L. The largest ri explored is just outside the
dust sublimation radius,

rdust = 0.2L0.5
46 pc (19)

(Laor & Draine 1993), i.e. twice rBLR, where dust suppres-
sion of line emission sets the outer boundary of the BLR.
The smallest ri explored is 0.03rBLR, which is close to the
size of the optically emitting region in the accretion disc.
The specific model explored is with logL = 45, where the
above range corresponds to 15.5 ! log ri ! 17.5. The values
of metallicity explored are Z = 0.5, 1 and 5Z⊙. We adopt the
scaling law of the metals with Z from Groves et al. (2004).

Three types of SED are adopted, which differ in the
ionizing SED slope αion (fν ∝ να). In all cases, the SED is
identical between 1 µm and 1 Ryd. In this range, the SED
is evaluated by using

fν = ναUV exp(−hν/kTBB) exp(−kTIR/hν), (20)

with αUV = −0.5, kTBB ≈ 13 eV and kTIR ≈ 0.1 eV. A
cut-off is assumed for λ > 1 µm. The SED in the 1 Ryd
to 1 keV (912–12 Å) range is fit by a single power-law
with αion = −1.2, −1.6 and −2.0 for the hard, interme-
diate, and soft SEDs. The adopted αion range corresponds
to the observed range of slopes between 1200 and 500 Å
(Telfer et al. 2002). The resulting optical to X-ray slopes
are αox = −1.16, −1.45 and −1.74 for the hard, interme-
diate and soft SED, respectively, similar to the range ob-
served (e.g. Brandt, Laor & Wills 2000; Steffen et al. 2006).
All three SEDs are extended from 1 keV (12 Å) up to

c⃝ 2013 RAS, MNRAS 000, 1–17

—> Pgas(r)=Prad(1-e-tau(r)) +Pgas(ri)



Numerical solutions
Cloudy 10.00

Executed with the “constant pressure” 
command.
Stops when H+/total H = 1%.
log ni = 0-10 (ni - density at the 
illuminated side).
log L = 41.5-46.
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Slab structure for L=1045 & r=rBLR=1017 (nγ∼109)
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length-scale ≈2kTCc/Fradσe

dPgas(r)

dr
⇡ L

4⇡r2c
�en(r), dPgas(r) ⇡ 2kTCdn

uniform density

4 A. Baskin, A. Laor and J. Stern

U ∼ 1000 gas, ∼10 per cent by U ∼ 1 − 10 gas, and ∼50
per cent by U = 0.05 − 0.1 gas. Thus, one does not need to
invoke a population of ‘clouds’ with a range of U , but rather
a single ionized layer produces lines from gas with a large
range of U , with well determined relative strengths, set by
the RPC solution.

2.1.3 The density structure

Specific solutions for ne(r) based on photoionization cal-
culations are presented below. A simple analytic solution
can be obtained for a hot scattering-dominated gas, where
α = neσes, and σes is the electron scattering cross section.
This condition applies for a low ne gas, where U > 103 and
the gas is fully ionized. The gas will be at the Compton
temperature TC, and thus isothermal, which simplifies the
problem. We make a further simplification that τ (r) < 1, so
e−τ(r) ∼ 1. The derived equation is then

2kTC
dne(r)

dr
=

Frad

c
neσes, (12)

which gives

ne(r) = ne,i exp

(

r − ri
lpr

)

, (13)

where

lpr = 2kTCc/Fradσes. (14)

Thus, there is an exponential rise in ne on a length scale
of lpr (a derivation of n(r), without neglecting the geomet-
rical dilution of Frad, is presented in Appendix A). Within
a few lpr the value of ne will be high enough to inevitably
lead to U < 103, at which point the gas becomes cooler and
only partially ionized, leading to a sharp increase in the ab-
sorption opacity. Both effects, T ≪ TC and σ ≫ σes will
produce a sharp rise in dne/dr.

1 The uniform pressure re-
gion, i.e. τ (r) ≫ 1, is therefore reached within a few lpr at
most, even for an illuminated face with a very low density.

To estimate the value of lpr we need the values of Frad

and TC at the BLR. The value of Frad is derived from the
observed relation

rBLR ≈ 0.1L0.5
46 pc, (15)

where L46 = L/1046 erg s−1 and L is the bolometric lumi-
nosity (Kaspi et al. 2005; assuming L = 3L1350 , where L1350

is the luminosity at 1350 Å). This implies

Frad = L/4πr2BLR ≈ 1010erg cm−2 s−1. (16)

Photoionization calculations yield TC ∼ 3 × 106 K (see be-
low), which gives lpr ≈ 4 × 1015 cm, independent of the
AGN luminosity. This size becomes larger than rBLR for
L < 1042 erg s−1. In such low luminosity AGN, RPC can
still confine the BLR gas if U < 103 at the illuminated face,
as the gas is not fully ionized, leading to σabs/σes ∼ 10−1000
and T < 106 K, which reduces lpr by a few orders of magni-
tude, allowing RPC to work in the lowest luminosity AGN.

Since

1 For U < 103, where T < TC, the gas σ is a function of T , and
there is no analytic solution for ne(r). This is in contrast with
Paper I, where the opacity down to U ≈ 10−2 is dominated by
dust, which has a fixed σ.

Prad = Frad/c ≈ 0.3 erg cm−3 (17)

at the BLR, Pgas = Prad implies

neT ≈ 1015 cm−3 K, (18)

or ne ≈ 1011 cm−3 in the deeper part of the photoionized
gas. The ionizing spectral slope affects the value of ⟨hν⟩ by
a factor of ∼ 2 and thus will not have a significant effect on
the above estimates. The metallicity affects the ionization
structure, and thus the thickness of the ionized layer. Both
effects are explored below in the numerical calculation.

2.2 Numerical solutions

We use the photoionization code Cloudy 10.00
(Ferland et al. 1998) to calculate the structure and
line emission of RPC slabs. The code is executed with the
‘constant pressure’ command, which enforces the code to
find solutions that satisfy eq. 5. We do not include the
contribution of trapped line emission pressure (Pline) to
the gas pressure (see below). The calculation is stopped
when the ionized to neutral H fraction drops to 1 per cent.
We denote the stopping radius at the back of the slab as
rb, and the slab thickness as d = rb − ri. For some of the
models the condition d/ri ≪ 1 does not apply, and we
therefore always include the geometrical dilution r−2 term
of the flux within the slab. The total H density (neutral
and ionized) at the slab illuminated face nH,i is varied in
the range 0 ! log nH,i ! 10. We explore models in the range
41.5 ! logL ! 46. At logL > 45.5, the condition d/ri ! 0.2
applies in the BLR even for the minimal density explored,
and the slab structure is mostly a function of Frad, and thus
independent of L. The largest ri explored is just outside the
dust sublimation radius,

rdust = 0.2L0.5
46 pc (19)

(Laor & Draine 1993), i.e. twice rBLR, where dust suppres-
sion of line emission sets the outer boundary of the BLR.
The smallest ri explored is 0.03rBLR, which is close to the
size of the optically emitting region in the accretion disc.
The specific model explored is with logL = 45, where the
above range corresponds to 15.5 ! log ri ! 17.5. The values
of metallicity explored are Z = 0.5, 1 and 5Z⊙. We adopt the
scaling law of the metals with Z from Groves et al. (2004).

Three types of SED are adopted, which differ in the
ionizing SED slope αion (fν ∝ να). In all cases, the SED is
identical between 1 µm and 1 Ryd. In this range, the SED
is evaluated by using

fν = ναUV exp(−hν/kTBB) exp(−kTIR/hν), (20)

with αUV = −0.5, kTBB ≈ 13 eV and kTIR ≈ 0.1 eV. A
cut-off is assumed for λ > 1 µm. The SED in the 1 Ryd
to 1 keV (912–12 Å) range is fit by a single power-law
with αion = −1.2, −1.6 and −2.0 for the hard, interme-
diate, and soft SEDs. The adopted αion range corresponds
to the observed range of slopes between 1200 and 500 Å
(Telfer et al. 2002). The resulting optical to X-ray slopes
are αox = −1.16, −1.45 and −1.74 for the hard, interme-
diate and soft SED, respectively, similar to the range ob-
served (e.g. Brandt, Laor & Wills 2000; Steffen et al. 2006).
All three SEDs are extended from 1 keV (12 Å) up to
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Ionization structure of a given RPC slab
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Comparison to a constant-n slab
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Line EW from slabs at different r
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Line EW from slabs at different r
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Line EW from slabs at different r
Neviii 774

Log r/rBLR

Li
ne

E
W

[Å
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Line EW from slabs at different r
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Radiation Pressure Confinement is inevitable for a 
hydrostatic BLR.

explains universal U∼0.1, independent of L=1039-1048 erg/s.
predicts U∼0.1, independent of r as well.
predicts                         at the neutral back side. 
n, U, and r are not independent parameters.
predicts very high- and very low-ionization ions in the 
same BLR cloud.
predicts BLR stratification, without any additional 
assumptions.

Summary

n ' 3⇥ 1014L46r
�2
16



The answer: 
!

Prad = aT4sub ~ 0.1 erg cm-3 
Pgas=Prad  —>  nT ~ 1015

X-ray warm absorbers  measure the expected  
ionisation distribution 
!
UV absorbers reveal a lower pressure in higher  
ionisation gas


