
Emission Lines in Active Galaxies: New Methods and Techniques 
ASP Conference Series, Vol. 113, 1997 
B.M. Peterson, F.-Z. Cheng, and A.S. Wilson (eds.) 

Line and Cont inuum Emiss ion from the Outer Regions of 
a Self-Gravitating, Magnet i zed Accretion D i s k ' 

Ye Lu, Lantian Yang, and Shaoping Wu 

Institute of Astrophysics, Huazhong Normal University, Wuhan 430070, 
China 

Abstract . We determine the variation with radius of the physical pa­
rameters (scale height, central density, and central temperature) of a 
stationary self-gravitating, magnetized accretion disk at radii larger than 
102i?G- Our results are relevant in the context of line and continuum emis­
sion from the outer region of the disk. We have also studied the influence 
of self-gravitation and magnetic fields over typical radii, and have shown 
that the value of RBB is larger than that computed by Collin- Souffrin & 
Dumont by a factor of about 4.7. 

1. Introduction 

Since the Q-model of accretion disks was first suggested by Shakura & Sunyaev 
(1973), it has been widely used in various astrophysical studies. Shields (1977) 
showed that the broad-line emission can be induced in AGN by the illumination 
of an accretion disk at a distance of 103-104 gravitational radii. This possibil­
ity has been explored by Begelman & McKee (1983) and by Mardaljevic et al. 
(1988). Recently, Collin-SoufFrin (1987), Collin-Souffrin & Dumont (1990, here­
after CS), and Dumont & Collin-Souffrin (1990a, 1990b) have done considerable 
work on the line and continuum radiation from the outer regions of accretion 
disks in AGN. This paper is devoted to the study of the radial outer-disk struc­
ture and typical radii, which are very important in the formation of both line and 
continuum emission. Our model differs from other studies mainly in considering 
both self-gravitation and magnetized accretion-disk structure. 

2. Basic Equations 

The basic equations are as follows: 

M = 2-KHRncmpVr (1) 

VT = aCsH/R (2) 

tr<t> = MQ./4nh. (3) 
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Using the conservation model of the magnetic flux (Sakimoto & Coroniti 1981), 
we have 

tT+ = TH2m2
pnl (4) 

where T = (2irGa)~1. The gravitational energy release D(R) is 

9 = gs + gz = 2*GZz + GM/R2, (6) 

and defining 
o2 = 9*/9z, (7) 

where gs is due to self-gravitation and gz due to the central gravitation. The 
pressure is given by 

B2 nckTc , , 

P = Pm + P + ^ - A (8) 
defining /? = Pg/P, where Pg is the gas pressure, Pm the magnetic pressure, 
and /j, is the mean molecular mass (/z = 0.65 for an ionized gas with cosmic 
abundances). In the outer region of the disk, the gas pressure dominates, and 
H can thus be written 

H(R) = 2 I^A Rzl2{GM)-ll\\ + a2)-ll2. (9) 
\fimp J 

The effective temperature Teg corresponding to the gravitational energy release 
is given by 

oT*tB=D{R), (10) 

and the central temperature is roughly 

Tc = Teff (0.75T)1/4, (11) 

where r is a mean vertical optical thickness (Frank et al. 1985). It is very impor­
tant to use reasonable opacities, so we adopted different opacities for different 
regions as in the work by CS. From these basic eqs. (1)—(11), we then get the 
radial dependence of the central temperature Tc and central density nc, and 
the scale height H. Table 1 summarizes the results obtained from the different 
regimes: it gives twice the scale height H\Q (in units of 1010cm), the central 
density nci5 (in units of 1015cm~3), the central temperature Tc, the column 

density, ./V25 = (7r/2)1'2racl5i?1o (in units of 102 5cm- 2), and the mean optical 
thickness r, as functions of the luminosity L44 (in units of 1044ergs s_1) and of 
p, the radius divided by 104RG = 104(2GM/c2). These results are illustrated 
in Figs. 1-3 which display Tc, nc, and H as functions of the radius p for the 
different regimes. An important quantity is the dimensionless radius pBB, where 
the Tcff is equal to 104 K. It is given by 

pBB = 14.3 X 10-2(1 + a2)-7/51/38/17a16/17/E
14/51/f/3i4"42/3. (12) 
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If we let a2, /?, a , ft, fa, i 4 4 w 1, then 

and 

pB B w 12.9 X 1 0 - 2 

# B B « 1.29 x 103i?o 

(13) 

(14) 

Table 1. 

Quantity 

Opacity (cm2g_1) 
Tc(K) 
^25 (cm- 2 ) 
Hw (cm) 
nc l 5 (cm-3) 
r 

A 

0.4 
572a 

2.61b 

0.35d 

5.94f 

3.4968 

Regime 
C 

0.001 
27.6a 

0.573b 

0.072d 

5.94f 

0.0019« 

E 

1 
906a 

3.28b 

0.44d 

5.94f 

10.978 

D 

1 
1400 
4.08c 

0.55e 

5.94f 

F 

1 
7000 
9.13c 

1.23e 

5.94f 

< 1 

•0(1 + a 2 ) - 1 /4 Q 5 /2 / l / 2 / 3 /2 L -3 / 2 p _ 9 / 4 

b /3(i+a
2)- i / 8

a"/*/£
1 / 4 / i / 4 i r47 / 4 / ' - 2 1 / 8 

d /3 / e
1 / 4 / L - 1 / 4^4

/ 4«5 / 4P3 / 8 ( l + a 2 )" 5 / 8 

«/31/2(l + a2)- 1 /2/- 1L44P3/2 

'^ ( l + a^l / ' /^L-V 3 

«/3(l + a 2 ) - 1 / 8 a 1 3 /" / e / 4 / I / X 7 / V 2 1 / 8 

3 . Conclus ions 

As Table 1 and Fig. 1 show, our main results are very similar to those of CS, 
but our value of RBB is greater than that of CS RBB by a factor of about 4.7. In 
the region 103-104_RS, several AGNs display double-peaked broad lines (cf. Hure 
et al. 1994). Equation (14) shows that RBB is just in this region, so pBB will 
play an important role in line formation. This result is different to the results 
of CS, because we have considered both self-gravitation and magnetic fields in 
our model. 
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Figure 1. The dashed line corresponds to a = 0 and the solid line to 
a = 10. 
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