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1IGPP-LLNL, L-41S, Livermore, CA 94550 
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A scenario for the central engine of AGN has been developed consisting of a massive black 
hole (MBH) onto which gas accretes through an accretion disk. The accretion disk radiates the 
observed optical and ultraviolet continua. Surrounding the MBH is a nonthermal source which 
produces the infrared and soft X-ray continua by synchrotron emission, and the X-ray spectrum by 
inverse Compton scattering of the optical-ultraviolet photons from the accretion disk. Previously 
we modeled the accretion disk (M.A.M.) and nonthermal source (D.L.B.) separately, and here we 
combine the two models to form a unified description of the AGN engine. This combined model 
can be inverted to determine source parameters from observed spectra. A group of AGN for which 
multiband observations exist car then be modeled to: demonstrate the validity of the combined 
model for a large number of objects; establish the range of parameter values that describe the 
source; and search for any correlations between source description and type. 

An accretion disk around a MBH is the most promising origin of the optical-ultraviolet "big 
blue bump." The methodology has been developed by Sun and Malkan (1987a,b) and is described 
by Sun in the present proceedings. The spectrum is modeled by assuming that the accretion disk is 
geometrically thin and optically thick. At each radius either a black body or a low surface-gravity 
non-LTE stellar atmosphere radiating the necessary energy flux is used to calculate the spectrum 
from that radius. The stellar atmospheres are less efficient radiators than a black body, and 
consequently they emit at a higher frequency than would a black body. Gravitational defocusing 
(light that passes close to the black hole is bent) and Doppler beaming (the light from the rapidly 
rotating material at the center of the disk is beamed along the disk) is included, providing a strong 
inclination dependence. In particular, observers near the plane of the disk see a significantly harder 
spectrum than those who view the disk face on. Both stationary Schwartzschild and maximally 
rotating Kerr black holes can be modeled. 

The nonthermal model is a variant of the Synchrotron-Self Compton (SSC) model and differs 
from it in two respects: a) the soft photons which are scattered into the X-ray band originate in 
the "big blue bump" and not the synchrotron source; and b) the electron distribution is assumed 
to consist of low energy fiat and high energy steep components (Band and Grindlay 1985, 1986 
and Band 1987). The nonthermal source is modeled as a sphere of radius 12 surrounding the 
accretion disk (for the sake of simplicity the accretion disk is assumed to be a point source at the 
center). The source is permeated by a tangled magnetic field B (allowing the field to be treated as 
a scalar). Within the source is a homogeneous "broken" electron density: nc = n~t~p, 1 < 7 < 7t 
and n„ = n*ibi~p~1, 7& < -/&, where 7 = E/mc2. This electron distribution could arise due to 
injection a 7 _ p , with radiative losses above 7& steepening the distribution. The resulting spectrum 
is: 



• Synchrotron self-absorbed below v? 
• A flat synchrotron power law between w? and ui, with Lu ex v~a where a = [p — l ) /2 . 
• A steep synchrotron power law above i/b with L„ <x i / - a - 1 / 2 . 
• A flat X-ray power law due to inverse Compton scattering by the flat component of the 

electron distribution. The flat scattered component extends to ^ i / „ , where uB is the characteristic 
frequency of the soft photon source. 

• The gamma ray spectrum is affected by the break in the electron distribution, the decrease 
in the Klein-Nishina cross section, and absorption due to pair creation. 

The equations for the various spectral features can be inverted to derive the source parameters 
from the observed spectrum. The observed spectrum from the far-infrared through X-rays is fit 
with the following components (see example of such a fit in the Figure below): 

• Balmer jump and blended Fe II lines due to emission in the Broad Line Region 
• Flux normalization of starlight from host galaxy 
• Absorption in both the Milky Way and the host galaxy 
• Accretion disk defined by: MB—black hole mass; rh—accretion rate; and m—cosine of disk 

inclination angle to the line of sight. 
• Synchrotron spectrum denned by: a!—spectral index of steep component; Lu(vjid)—normali­

zation of steep component at fiducial vju\ v\,—break frequency between flat and steep components; 
and UT—turnover frequency due to synchrotron silf-absorption. 

This spectral decomposition gives the parameters for the accretion disk model, e.g., MB and 
rh. The synchrotron turnover frequency u-r, break frequency t/(,, and normalization Lu{i/ji^ are 
used in conjunction with an X-ray flux Lx and a moment of the accretion disk luminosity to derive 
the parameters of the non-thermal source: the normalization of the electron distribution n, the 
magnetic field B, and the source radius R. 

Preliminary fits to five objects are given in the Table below. In all cases the accretion disk was 
assumed to be face on. The sources show remarkably similar parameters: n ~ 10 7 cm 3 , B ~ 1000 
gauss, R ~ 2 x 1 0 1 5 cm or about 30 Schwarzschild radii, black hole masses of a few times 10 s M©, 
and total luminosities of a large fraction of the Eddington limit. The break energy 7& ~ 50 — 90 is 
perhaps an indication of the microphysics within the source. Finally, the magnetic and photon fields 
are in approximate equipartition, while the relativistic electron energy density is much smaller. The 
compactness / = (Ir aco/-R)(ffr/ n» c 3) ' a V^ie large. However, Lao, is the ultraviolet accretion disk 
luminosity, whereas it is the usually unobserved luminosity at v ~ mc*/h that is relevant to the 
production of electron-positron pairs (Band 1987). 
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Table-—Preliminary Fits 
Mkn841 II Zw 136 3C249.1 Mknl383 3C273 

Fitted Parameters 
n 6 = Ti/106 c m " 3 19.2 12.4 7.2 19.3 9.4 
B 2 = B/100 gauss 13.3 17.0 8.9 8.2 12.0 
Ris = JK/101 5 cm 0.3 1.2 1.9 1.1 5.2 
lb 56. 53. 83. 89. 82. 
Ma = M f l / l O 8 M 0 0.7 1.1 8.0 1.6 5.0 
m = M / ( j t f 0 - y r - 1 ) 0.15 0.41 1.0 0.56 14.0 
Underlying a 0.73 0.80 0.62 0.65 0.85 
Laoa ergs-sec" 1 1.9 X 10 4 S 5.4 X 1 0 4 3 1.4 x 1 0 4 8 7.5 X 10 4 f i 7.8 X 1 0 4 a 

Derived Quantities 
«„ ergs-sec - 1 10.3 6.3 4.7 12.1 4.5 
MB ergs-sec""1 7.0 X 10* 1.2 X 1 0 s 3.2 x 10 4 2.7 X 10 4 5.7 x 10 4 

ucrv ergs-sec - 1 3.8 x 10 3 3.0 X 1Q4 3.1 x 10 4 4.9 x 10 4 2.3 x 10 4 

R/Rscii 37. 37. 8.1 23. 35. 
•"OOD 0.27 0.49 0.18 0.47 1.56 
l = {LaoB/R)(o-T/mc*) 68. 122. 200. 185. 406. 
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Figure: Fit'to observed spectrum of the Seyfert Mkn 1383. 


