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Abstract. Irradiated accretion disks around massive black holes are ex
pected to produce part of the line spectrum of AGN, but most of the disk 
emission must be thermal, observed at UV wavelengths. The two emission 
components, lines and continuum, are fitted by a unique accretion-disk 
model that gives the mass of the black hole and the inclination of the 
disk. The distribution of the disk inclination in a complete sample of 
Seyfert 1 galaxies suggests that their nuclei are orientation-selected, af
fected by strong absorption at low disk latitudes. The black-hole masses 
in the same sample confirm the long-standing non-linearity between M 
and L for AGN and the non-causal relationship between nearby Seyfert 1 
galaxies and distant quasars (i.e., pure luminosity evolution is ruled out). 

Irradiated accretion disks are also combined with the relativistic jet 
model in order to constrain the orientation and the Lorentz factor of 14 
superluminal radio sources. At least for a few objects, the line and the 
radio data are inconsistent with both models, unless a new parameter 
(jet bending, a second emission-line component, etc.), is also involved. 
Despite this inconsistency and the ambiguous evidence for combined disk 
and jet fits in the remaining superluminal sources, a successful merger of 
these two models might address questions about the nature of AGN and 
also constrain the Hubble constant. 

1. Introduction 

As a challenge to theorists, the accretion-disk model of the AGN has proven to 
be particularly tricky. Nevertheless, on account of its predictive nature, disk 
theory provides many opportunities for comparing theory and observations and 
gives us hope for understanding these objects. Below I outline my personal view 
of the disk model, integrated in our general beliefs of AGN structure. If the disk 
model proves to be a good fit to the general picture of AGN, it can shed light on 
the black-hole question, on AGN physics, on AGN geometry and obscuration, 
and on the Hubble constant. 

Accretion disks provide the most exciting explanation of the double-peaked, 
blue-boosted, and redshifted broad-line profiles that are observed in a few AGN 
sources, because they give not only the orientation of the disk (Chen et al. 1989), 
but also the mass of the central black hole (Rokaki et al. 1992). Obviously, an 
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unambigous disk line profile would be direct observational evidence of massive 
black holes in AGN. 

In contrast to the thermal accretion-disk model (Lynden-Bell 1969), the line 
model (Shields 1977) has been pursued only in a the case of a few AGNs which 
have double-peaked emission-line profiles. The fact that the model predicts 
a diversity of line profile shapes (Dumont & Collin-Souffrin 1990) enables the 
investigation of the disk line emission in large AGN samples without any criterion 
on the shape of the broad emission lines. In the following, I discuss two such 
studies. 

The first study confirms the consistency between the line and the thermal 
disk model and finds the central mass and orientation of the disk in a complete 
sample of Seyfert 1 sources. Both line-emitting disk-model and unified-scheme 
lovers can still be happy: the line and continuum emission of the Seyfert 1 nuclei 
fit in the same flat structure, and probing the orientation in these sources should 
reveal high absorption at low disk latitudes. 

The second work points out the near-inconsistency between the line-emit
ting disk model and the relativistic-expansion model (Rees 1968) by searching for 
face-on disk signatures in the line profiles of superluminal radio sources. There 
is no strong evidence that the two models should fit together, but there are 
many unstudied sources in which strong evidence might be found. Superluminal 
motions and double-peaked line profiles make 3C 390.3 (Perez et al. 1986) a good 
candidate. The line and continuum variability of this source (described in several 
papers in this volume) can be used to search for a causal relationship between 
different emission components across the electromagnetic spectrum (Rokaki et 
al. 1993), constrained in orientation and Lorentz factor by radio data . 

Since everything in extragalactic astronomy uses the Hubble constant, very 
high apparent velocities of a source of known geometry will set upper limits on 
this fundamental parameter. However, this can be expected to be difficult in 
practice. 

2. T h e C o m p l e t e Sample 

Double-peaked line profiles favor the accretion-disk model, but if the disks are 
seen in double-peaked lines, they should be also observed with a variety of line-
profile shapes. Indeed, models predict this diversity, which can be tested with 
observed AGN emission lines. The accuracy of the test, as well the significance 
of the derived physical parameters, is optimized when the sample of the AGN 
sources is complete. The Piccinoti et al. (1982) sample has 34 AGN sources 
selected in the hard X-ray sky survey, and it is complete. It has 21 broad-line 
emission sources, which also form a complete sample. 

Optical and UV spectra of this sample (simultaneous for one third of the 
sources) were collected in order to test the line-emitting disk model of Collin-
Souffrin & Dumont (1989) and the thermal-disk model of Cunningham (1975). 
Both models have relativistic corrections and the disk continuum spectrum 
(multi-temperature blackbody emission) is calculated at two extreme values of 
the black hole spin. The black-hole rotation is rather unimportant for the line 
emission, which comes from large disk radii (> IOO-R5). 
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Figure 1. A fit (solid line) of the optical to the UV continuum of 
NGC 5548 which sums a disk (dashed line) and a stellar component 
(dotted line). Physical parameters are given in the text. 

The broad H/3 emission line and the UV continuum shape were fitted in
dependently without any preconceptions about orientation; the inclination is 
constrained only to very low angles from the line profile. Note that since the 
probability of observing a disk geometry is proportional to the sine of the incli
nation, the disk model predicts that a complete and a non-orientation-selected 
sample will have a mean inclination angle close to 60°. Details in this work can 
be found in Rokaki & Boisson (1996), and here I outline the method and the 
major results. 

2.1. Mass and Orientation Measurement 

Figure 1 shows an accretion-disk fit to the UV continuum of NGC 5548. The 
dashed line is the thermal spectrum of a face-on disk fit with an accretion rate of 
0.007 MQ yr - 1 . The mass of the black hole is 8.3 X 107 M e and has the maximum 
possible spin. An equally good fit can be obtained with a non-rotating black 
hole, but it must be 2.5 times less massive and an mass-accretion rate that is 
lower by a factor of 3 on account of its lower efficiency. By increasing the disk 
inclination, the fits give more massive black holes due to the fact that the high 
inclinations as the low masses harden the spectrum (see Fig. 7 of Cunningham 
1975). 

The two solid curves of Fig. 2 give for Kerr and Schwarzschild black holes the 
mass solutions from fits to the data of Fig. 1. As expected, the mass decreases 
at low inclinations. Since the points of these curves give identical spectra it is 

https://doi.org/10.1017/S0252921100039634 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100039634


DISKS AND LINE EMISSION 59 

01 

CO 

t-

1 ' 1 ' ' 1 ' 

a/M=0.998 

- v ^ r ^ ^ 
: i ^ ^ T T 
-

i • 

-

_ ^ a /M=0. 

Line fit: 

-
• 

0.5 

Figure 2. Black-hole mass as a function of cosi of NGC 5548 as 
derived from the continuum (solid lines) and line (dashed line) disk 
fits. 

impossible to extract any information about the disk inclination and mass by 
modeling the UV continuum only. However, these parameters can be determined 
very precisely if there are additional constraints with a different relationship 
between the dynamics and the geometry. And indeed this happens in fitting 
disks to broad-line profiles. 

Let dR be a disk ring of infintesimal width at radius R in Keplerian rotation 
around a mass M. The rotation axis and the line of sight make an angle of 
inclination i. If it is supposed that this ring emits constant line flux F, and that 
its emission can be fitted to an observed line profile of HWZI — w and of total 
line flux F0bs, we get (neglecting relativistic corrections) 

w = sin i(GMR-1)1?2 
(1) 

and 

Fob* = f(z, h)F cos i J RdR = -2G2M2f(z, h)F cos i sin4 i f w'5dw. (2) 

The above equation is equivalent to 

Ml 
sin icosi = c(z, h, F, w), (3) 

where / and c are functions of known parameters (z is the redshift of the source 
and h the Hubble constant in units of 100kms- 1 Mpc- 1) . Equation (3) shows 
that the central mass increases very rapidly at low inclinations. A similar depen
dence between M and i is found from disk fits to real line profiles (see the dashed 
line of Fig. 2). Note that the disk does not fit H(3 when i < 16°, which gives 
central mass M = 4 X 1O8M0. At lower inclinations, the model asymmetries (see 
Fig. 3) strengthen, and do not fit the data. The intersection point of the line 
and continuum curves gives therefore the unique M and i that fit both the line 
and continuum. The determined values of M and i might depend on the details 
of the thermal and line-emission model, but the hypothesis of accretion-disk line 
emission gives a unique solution of the central mass and orientation of the disk. 
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Figure 3. A disk fit (dashed line) to the broad H/3, line profile of 
NGC 5548. Narrow lines have not been subtracted from the data. 
Model parameters are given in the text. 
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Figure 4. The disk inclination distribution in the Seyfert 1 sources 
of the Piccinoti et al. sample assuming a Kerr (solid line) and a 
Schwarzschild (dashed line) metric. 
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2.2. Orientations 

The disk inclinations of the Seyfert 1 nuclei in the Piccinoti et al. sample for 
the two different metrics assumed are shown in Fig. 4. Note that 3 objects 
(NGC 3227, MCG-6-30-15 , and 3C 345) in the Kerr model and one (NGC 
3227) in the Schwarzschild model are not included in the present analysis since 
we find no consistent solution. Absorption could be responsible for this, since 
UV and optical radiation are affected differently. Obviously, absorption can 
also affect the disk-inclination distribution and contribute to its low mean value 
(24° and 35°, with corresponding average deviations 7°.2 and 12°.3 for the Kerr 
and Schwarzschild geometries, respectively). Note, however, that no source was 
found with an inclination lower than 10°; this might be due to the low probability 
of observing such disks, and/or to a dramatic change of the line/continuum ratio 
at low inclinations. 

The unexpected inclination distribution suggests that a new parameter is 
involved in this sample. Host-galaxy extinction (which has not been taken ac
count) corresponding to E(B — V) « 0.05 will move the real disk inclination by 
about 5° to lower values. If the host-galaxy absorption is independent of the 
direction, we would not expect to find any edge-on disks. However, these disks 
have higher a probability of being observed, and therefore they should be the 
most numerous in the sample. The fact that the majority of the sources would 
have been moved to inclinations i < 40° suggests strong absorption in the host 
galaxy. If this is true, we should have found more objects without consistent 
solutions. For these reasons, the results rather suggest that the host absorption 
is orientation-dependent, stronger at low disk latitudes and possibly from the 
outer disk. 

Seyfert 1 nuclei, independently of the rotation of the central black hole, 
appear as a population selected with orientation around 30°. The absence of 
face-on disks is rather puzzling (low probability, non-asymmetric lines in the 
sample, or beaming, perhaps). However, the disk model predicts that face-on 
disks have low line/continuum ratios (even without considering a beaming of a 
non-thermal source) since the consistent solutions in lower inclination demand 
stronger UV fluxes and fainter emission lines. Radio-quiet sources then might be 
more suitable for observing the predicted line asymmetries of the face-on disks. 

2 .3 . M a s s e s 

The derived black-hole masses are significantly, but not linearly, correlated with 
the disk and the X-ray luminosity, affirming a long-standing result that higher-
luminosity objects which harbor more massive black holes accrete at higher 
accretion rates in Eddington units. However, the UV and the X-ray luminosity-
mass dependency are different. Kerr black holes give L<nsk <x M205±0A2 and 
Lx oc M1-65^0-3. A similar slope difference has been found in the Schwarzschild 
metric, and both are unaffected by X-ray variability. If Lx and L<ask are in
trinsically related differently to the black-hole mass, the dominance of the disk 
luminosity over Lx should appear when M > 5 x 1 0 7 M e . However host-galaxy 
absorption could change this result and could be possibly the only source of the 
effect in this particular sample. 

The differential mass function (</>(M) oc M~ 4 , 5 ) and the total nuclear mass 
density ( p ^ , 6 x 10 1 2 M e G p c - 3 ) of black holes in Seyfert 1 nuclei based on the 
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results of this sample can be found in Rokaki & Boisson (1996). The steepness 
of the former function and the low value of the total integrated mass density 
of Seyfert 1 nuclei (compared to p > 2 X 1O1 4M0 Gpc~3 estimated for quasars; 
see Cavalier & Padovani 1988) confirm the non-continuous luminosity evolution 
from quasars to Seyfert 1 galaxies. 

3 . Superluminal Sources 

The disk inclination determined by a line profile fit can provide potential con
straints in the case of a superluminal source of an apparent expansion speed 
PappC, since the equation 

/3sin i 

1 — /3 cos i 
Papp — 1 n _. (,4) 

gives the true speed of the expansion /3c (supposed in the disk axis). For this 
reason Rokaki, Economou, & Lawrence (1996), have obtained H Q spectra of 14 
superluminal radio sources (see Vermeulen & Cohen 1994 for a recent list) with 
z > 0.5 using CGS4. Strong line emission was detected in all but 3 sources. 
Disk fits to the observed H Q lines are achieved in most of the sources, but the 
disk inclination has large uncertainties. However, the inclination can be further 
constrained by requiring consistency of i with the measured expansion speed. 
Since a lower limit of the inclination is imposed from the absence of strong 
line asymmetries, this consistency might be not always possible. This is the 
case for F1308+326 (/3app = 20.8/i_1) in which the disk fit gives i > 12°. Jet 
bending, a second line-emission component, and/or large uncertainties in the 
radio data could cause this inconsistency and obviously they will complicate the 
interpretation of line and radio data in these sources. However, a future strong 
evidence of accretion-disk line emission in a superluminal source can constrain 
the Lorentz factor in that source and thus possibly provide an upper limit on 
the Hubble constant. 

4. Conclus ions 

The accretion-disk model, despite early and persistent problems, remains a pow
erful theoretical tool for probing AGN physics (even if disks exist only in a small 
fraction of AGN sources) because it makes observationally testable predictions 
about the nature of the AGN sources, the evolution of GN (if most of AGN have 
accretion disks), and the Hubble constant (from future strong evidence for an 
accretion disk in a source of high superluminal speed). 
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