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ABSTRACT 
We have studied the evolution of the emission line ratios of a photoionized cloud described by standard 

BLR parameters which is exposed to a varying ionizing continuum. The hardness of the ionizing distribution 
was varied by decoupling the UV increase from that of the X-ray component. After many tests using various 
ionizing distributions, it became apparent that the energy distribution must change in certain specific ways if 
Lya/C iv is to increase monotonically with /(1338 Â) as in F air all 9. A distribution composed of a varying 10 
eV bump and a constant luminosity X-ray power law can successfully reproduce the observed Lya/C iv slope. 
This would be consistent with reported X-ray data only if the varying absorbing column density model were a 
valid explanation of its variability. We have also considered the possibility that the UV bump may become 
cooler with luminosity or that the BLR may cover a wide range in U and hh. We conclude that the geometry 
of the BLR is a potentially significant factor. 
Subject headings: galaxies: individual (Fairall 9) — ga 

ultraviolet : spectra — X-rays : spectra 

I. INTRODUCTION 

The strong emission lines generated in active galactic nuclei 
(AGNs) are generally believed to result from the photoioniza- 
tion of nuclear gas by a very intense ultraviolet-X-ray emission 
continuum referred to as the ionizing continuum. The natural 
assumption has been that this ionizing continuum, which is not 
directly observable, is simply the extension of the optical non- 
stellar continuum in the far UV. At higher energies, the X-ray 
continuum emission often associated with the AGN phenome- 
non is also believed to play an important role in producing line 
emission. The extensive observations of the Seyfert I galaxy 
Fairall 9 reported by Clavel, Wamsteker, and Glass (1988, 
hereafter CWG) provide us with interesting clues about the 
respective roles of the various ionizing components in produc- 
ing the observed line spectrum. A strong correlation was 
reported to exist between the Lya/C iv and Lya/Mg n line 
ratios on the one hand and the intensity of the ultraviolet 
continuum on the other. Between 1978 and 1984, Fairall 9 
underwent a dramatic decrease in its UV continuum intensity, 
while the X-rays decreased by a much smaller factor. The 
observed increase in the emission line ratio Lya/C iv which 
accompanies the UV continuum decline is, however, the 
opposite of the decrease which photoionization models of the 
broad line region (BLR) predict (e.g., Mushotzky and Ferland 
1984). In this paper we look at ways in which the ionizing 
continuum could vary in its spectral distribution so as to 
produce the observed correlations. We start with the simplest 
approach, decoupling the X-ray component from that of the 
varying UV continuum, as suggested by Clavel, Wamsteker, 
and Glass (1988). We experiment with various energy distribu- 
tions for the UV continuum as well as different luminosity 
behavior for the X-ray component. We go on to discuss the 
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possible effect of geometrical stratification of the BLR on our 
results. 

II. NUMERICAL CODE AND INPUT PARAMETERS 

To derive line fluxes produced by the various ionizing 
energy distributions, we have employed a new version of the 
code MAPPINGS previously applied to the NLR (see Binette 
and Robinson 1987; Binette, Robinson, and Courvoisier 1988). 
This recent version makes use of the hydrogen transfer solu- 
tion developed by Zheng (1989) and incorporates a five-level 
treatment of the hydrogen atom. Although our treatment of 
the physical processes is largely indebted to Kwan and Krolik 
(1981), we have implemented other processes important at very 
high densities described by Ferland and Rees (1988), such as 
free-free heating (as well as the resulting opacity to incident 
radiation); induced and three-body recombination of hydro- 
gen; photoelectric absorption which takes into account the 
effect of induced recombination. The “ on-the-spot ” approx- 
imation is replaced by computing explicitly the diffuse photon 
field which not only includes recombination continuum 
photons but emission lines as well. By expanding the code in 
this way, we can compute line fluxes for densities appropriate 
to the BLR and within at least the range of densities of the 
“ standard ” model of Kwan and Krolik (1981). 

In all the calculations reported below we have employed a 
cloud density of nH = 1010 5 cm-3 (i.e., p ~ 6 x 1014 K cm-3), 
which corresponds to the high limit of the standard BLR 
model (see Krolik and Kallman 1988). The results of Robinson 
and Pérez (1989) indicate that larger densities are not essential 
to account for the BLR short time lag response to continuum 
variations. The abundances of metals are “solar”; the values 
are quoted in Binette, Robinson, and Courvoisier (1988). 
Although the initial computations assumed nearly ionization- 
bounded conditions, it was subsequently a simple matter to 
derive the spectrum at any chosen value of the geometrical 
thickness as represented by the clouds’ column density NH, 
given that the cumulative line spectrum was stored as a func- 
tion of geometrical depth during the “ outward ” integration 
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calculations. For canonical values of NH, only the Mg ii line 
out of those studied here is significantly affected under matter- 
bounded conditions. 

It is often stated that the line spectrum depends more criti- 
cally on the ionization parameter U than on the details of the 
energy distribution (see Krolik and Kallman 1988). Our defini- 
tion of the ionization parameter is 

U = _L 
nHc JV1 hv 

dv 

Qt 

4nr2nH c (1) 

where hv1 = 1 Ry is the energy at the Lyman limit,/v is the 
ionizing radiation flux in ergs cm-3 s_1 Hz-1 impinging on a 
cloud of density nH at distance r from the central source, g, is 
the total number of ionizing photons below 10 keV emitted by 
the central source per second, and c the speed of light. We took 
nH to be constant within a cloud; any other assumption, con- 
stant gas pressure for example, would be arbitrary, given that 
the cloud density structure is expected to respond to pressure 
gradients on a time scale longer or comparable to that of the 
observed continuum variations in Fairall 9. 

III. OVERVIEW OF THE OBSERVATIONS 
In their study of the continuum spectral distribution in 

Fairall 9, CWG clearly show the absence of any secular change 
in the spectral index of the UV continuum, although the con- 
tinuum level does vary greatly. The spectral index auv they 
derived from IUE observations within the line-free windows 
of 1338 Â and 1826 Â, after correction for reddening 
IE(B—V) ~ 0.07], has a mean value of auv = —0.46 ±0.11 
(/v oc va). The continuum light curve of Fairall 9 shows the flux 
at 1338 Â,/(1338 Â), to undergo a secular decrease by a factor 
A/(1338 A), possibly as high as 33 between 1978 and 1984, 
followed by a partial recovery from the end of 1984. However, 
if averages of flux measurements at low and high state 
are taken or if the flux at 1826 Â is considered instead, 
A/(1338 Â) is much lower. We infer from the CWG data that 
A/(1338 Â) > 20 and estimate the most likely value to be c^28. 

The overall energy distribution of Fairall 9 is characterized 
by a large energy excess in the UV usually referred to as the 
“big blue bump” (Elvis et al. 1986). This continuum excess is 
in fact the combination of a “small bump” which peaks at 

around 3000 Â (Wamsteker et al. 1984) and the underlying 
“big bump” itself which covers a much broader frequency 
range. The physical origin of the big bump has often been 
interpreted as thermal emission from an optically thick source 
such as an accretion disk (see Abramowicz and Szuszkiewicz 
1989 and references therein) or photosphere (Camenzind and 
Courvoisier 1983). Noth withstanding its physical origin, the 
extension of the big bump in the unobservable EUV is prob- 
ably an important, if not the major, component of the ionizing 
distribution. However, at some point in the EUV, this com- 
ponent must roll over and connect with the 2-6 keV X-rays 
which are observed to be weaker than the extrapolated UV 
continuum by an order of magnitude. By comparing EX OS AT 
data with all previous X-ray observations, Morini et al. (1986) 
have shown the 1-10 keV flux to have varied much less than 
the UV. They found no indication of variation in the index of 
the power-law fit to the ME spectrum (2-6 keV) which they 
determine to be aME = —0.96 ± 0.06. 

An important discovery of CWG, the one which governs the 
current study, is that a strong correlation exists between the 
ratios Lya/C iv and Lya/Mg n and the continuum flux at 1338 
Â. Their linear regressions of the line ratios are 

Lya/C iv = (1.96 ± 0.07) + (0.080 ± 0.007)F(1338 Â), (2) 

Lya/Mg n = (3.89 ± 0.14) + (0.27 ± 0.02)F(1338 Â), (3) 

where F(1338 Â) is the continuum flux at 1338 Â (in units of 
10 14 ergs cm-2 s-1 Â-1 in CWG; all other fluxes below will 
be in units of ergs cm-2 s_1 Hz-1). For the customary single 
cloud calculations, the factor of increase in U is equal to the 
flux increase factor A/(1338 Â) if only the luminosity of the 
ionizing continuum, but not its shape, varies. The problem is, 
as CWG point out, that photoionization calculations predict 
an opposite relation between Lya/C iv and/(1338 Â) to the one 
observed. To illustrate, we show in Table 1 the typical behavior 
of Lya/C iv when U is increased. Here the ionizing distribution 
is AD30X and is described below (£eV = 30 eV, but note that 
P912 = 010; see § IV). To establish a point of reference, let us 
define the reprocessing efficiency rjUne of the ionizing radiation 
Qt (e<T [1]) into a given line of flux /line (ergs cm-2 s - ^ as 

*7line = (^nH) Vline 5 
which, for optically thin recombination lines, would be nearly 
constant over a wide range in U and nu. We see in Table 1 that 

TABLE 1 
Emission-Line Ratios for the Ionizing Continuum AD30Xa 

Distribution in 
Single Cloud, nH = 1010 5 cm-3 u and nH 

Vhya f/civ ^Mgii Lya/C iv Lya/Mg n Ui/2
b Lya/C iv Lya/Mg n 

5.0 x 10 4....  0.78 0.00056 0.11 1380 6.8 5.0 x lO"4 19.0 23 2 
1.0 x 10“3   0.74 0.0041 0.10 177 7.1 
1.7 x 10-3   0.73 0.015 0.10 49.4 7.4 1.7 x 10“3 79 200 
5.0 xlO“3  0.67 0.081 0.083 8.3 8.1 
1.0 xlO“2  0.62 0.15 0.085 4.3 7.2 
1.7 x 10 2  0.57 0.20 0.083 2.9 6.9 1.7 x 10“2 2.6 20 8 
5.0 x IO"2  0.42 0.26 0.054 1.6 7.9 
1.0 xlO-1  0.35 0.26 0.035 1.3 9.8 
1.7x10-'  0.30 0.25 0.026 1.2 11.9 
5.0x10-'  0.24 0.20 0.013 1.2 18.9 

* Continuum with cutoff £eV = 30 eV and p912 = 0.10. 
b U1/2 is the ionization parameter at the radius of half-power in He it luminosity. 
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rjcw increases very steeply with U, while rjLya is a slowly 
decreasing function. At BLR densities the collisionally excited 
C iv resonance line is a major coolant which acts as a 
“thermostat” for the plasma; the onset of cooling by C iv 
depends critically, however, on the flux density of photons 
above 48 eV necessary to produce the species C+3. The idea 
behind changing the energy distribution so that Lya/C iv 
increases instead is to prevent any significant increase in the 
flux of photons of energy above 48 eV while /(1338 Â) is 
increasing. The slow decrease in rjLya with U in Table 1 results 
from Lya saturation, i.e., large optical depth in the line. From 
Table 1 it is obvious that when the luminosity of the contin- 
uum alone changes, Lya/C iv must decrease as the UV 
increases. The variation of Lya/Mg n with U, on the other 
hand, is much less pronounced and can present a secondary 
maximum around U ^ 10"3 whose importance depends on 
the gas density adopted. With the value of nH = 1010 5 cm-3 

adopted for all the calculations below, within a certain range 
Lya/Mg n can increase with U ; this ratio is thus not as rele- 
vant as Lya/C iv in our effort to determine how the continuum 
might be evolving. Similar calculations at 109 5 convinced us 
that high densities were useful but not essential in getting Lya/ 
C iv to increase with/(1338 Â), which was, in our estimation, 
the main difficulty. 

IV. APPROACH CHOSEN IN VARYING THE IONIZING CONTINUUM 

Instead of making a general comparative study of different 
ionizing distributions like Krolik and Kallman (1988) and 
Kallman and Elitzur (1988), we have taken the line of following 
the emission-line spectrum of a given ionized cloud, as the 
energy distribution to which it is exposed evolves in shape and 
luminosity in a prescribed manner. The basic aim is to deter- 
mine how the ionizing continuum must change in order to 
invert the natural tendency of Lya/C iv to increase steadily 
with /(1338 Â) or l/. To alter the energy distribution, we resort 
to a two-component energy distribution with each component 
exhibiting a distinct luminosity behavior with time. One com- 
ponent, the secondary ionizing component, extends, and domi- 
nates the X-rays, and the other, the primary component, is an 
extension of the UV bump and dominates the 4-40 eV region. 
The complete ionizing continuum is simply the algebraic sum 
of these two components. 

Our X-ray component will consist of a power law of index ocx 
with no low-energy cutoff, as we considered that an ad hoc 
low-energy turnover would not be warranted in the current 
exploratory study. The luminosity level of this secondary (X- 
ray) component in relation to the (primary) UV bump is com- 
pletely specified by our parameter p912 which is the fractional 
flux contribution to the sum of the two components (at 1 Ry). 
As we considered it important to be able to vary the hardness 
of the primary component or UV bump, we chose a distribu- 
tion for the UV which presents a smooth cutoff (£eV) in the 
EUV. To this end, the following function with an exponential 
cutoff was adopted : 

/v oc v1/3 exp (-hv/Eev), (4) 

which also describes reasonably well the characteristic accre- 
tion disk energy distribution. In § Vfr, we will introduce more 
physical distributions using slim disk accretion models in 
which both the luminosity and the energy distribution evolve 
according to the variation in the accretion rate. 

The luminosity light curve of the composite distributions 
will be expressed in terms of the temporal behavior of the flux 

137 

at 1 Ry which impinges on the cloud :/(912 Â) (see eq. [1]). The 
choice of 912 Â rather than 1338 Â as the reference wavelength 
is only a matter of convenience and has no bearing on the 
conclusions. Given that it is the primary component which we 
vary by a factor of 33 and that we have not imposed a low- 
energy cutoff to the power law, the evolutionary sequence of 
the composite distributions result in a smaller A/(1338 Â) of 
ä 27 ; we have verified, however, that not having (the 
composite) A/(1338 Â) of exactly 33 does not weaken the con- 
clusions reached below. We note, finally, that we adopted the 
convention of ordering the distributions from low to high state 
so as to simplify the discussion of ratios which increase with 
increasing flux, although the observations actually present the 
chronologically inverse evolution from high to low state. 

V. MODEL RESULTS AND DISCUSSION 

a) Varying the Luminosity of the Primary Component 
First, we will consider evolutionary sequences where each 

sequence consists of five energy distributions in which the UV 
bump component increases in flux [/(912 Â)] by successive 
factors of 1.0, 2.4, 5.8, 13.8, and 33.0, while the secondary (X- 
ray) component is maintained at constant flux luminosity. The 
secondary component is set to contribute 15% to the low state 
(i.e., first) distribution of a sequence and proportionally less in 
the four subsequent distributions because the X-ray flux is 
constant. This low state value of p9i2 is an estimate of the 
extrapolated ME power-law of the 1984 October 25 EX OSAT 
data of Morini et al. (1986). The energy distribution corre- 
sponding to the low state of each sequence is plotted in Figure 
1. In all the photoionization calculations presented below, the 
ionization parameter at low state is l/low = 0.02. Although this 
implies somewhat large values of U for the high state, Krolik 
and Kallman (1988) have corroborated that distributions with 
a soft bump operate best at a high ionization parameter with 
respect to the goodness of the fit to observed line ratios. Fur- 
thermore, physical arguments concerning the maximum value 
that U can take without destroying the cloud cannot be strictly 
applied to objects where the high state is possibly only a tran- 
sient phase. 

In Table 2, models i-v of the sequence AD30X show how 
line ratios behave when the distribution consists of a “hot” 
primary component with £eV = 30 eV added to an X-ray 
power law of index ax = —1.0(» aME). There is no apparent 
trend in the behavior of Lya/C iv as a function of/(912 A). On 
the other hand, the second sequence ADI OX, comprising 
models 1-5, corresponds to calculations where the primary 
component is “cooler” with £eV = 10 eV. It turns out that the 
ADI OX sequence is quite successful in producing a monotonie 
increase of Lya/C iv. A linear fit of the calculated Lya/C iv as a 
function of/(912 Â) gives a slope, if converted to the units used 
by CWG (eq. [2]), of m' = 0.11, as indicated in Table 3. 
Although the increase is monotonie and the slope comparable 
to the data of CWG, it should be added that Lya/C iv does not 
strictly follow a straight line. However, given the radical sim- 
plification in the geometry of the BLR implicit in single cloud 
calculations, our results are very significant and highlight the 
important role played by the luminosity and temporal behav- 
ior of the very soft X-rays (50-300 eV). 

To show that the harder X-rays are much less germane to 
the Lya/C iv problem, we have calculated the sequence 
AD10XM, models A-E, with an a = -0.7 power law below 
300 eV but with a discontinuous break at this point to a 

IONIZING CONTINUUM IN FAIRALL 9 
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Fia J;—lowing energy distributions Fv (in arbitrary units) of the low state continua in Table 2: AD30X(i), AD10X(1), ADIOXM(A). The distributions have been 
renormalized so that they overlap at X-ray energies. 

power-law with ocx = -1.0 for energies above 300 eV. This 
sequence simulates a constant flux soft X-ray excess (see Fig. 1). 
The increase of Lya/C iv with /(912 Â) is preserved because 
the abundance of the specie C + 3 is essentially governed by 
photons of energy very much less than 300 eV. 

We see that it is possible to counteract the effect of increas- 
ing the ionization parameter and still ensure that Lya/C iv 
increases with/(912 Â) by making the overall energy distribu- 
tion become progressively softer as it becomes more luminous; 
“softer” in the sense that there is proportionally less energy 
from the harder secondary component compared to the UV 
bump, as was initially proposed by CWG. What happens is 
that the flux density of photons of energy greater than 48 eV 
(but 300 eV) which produce C+ 3 and thereby determine the 
strength of C iv, increases relatively little if the X-ray com- 
ponent does not follow the luminosity increase of the primary 
UV component. This is because, with a sufficiently cool bump, 

most of the photons between 50 and 120 eV stem from the 
secondary rather than the primary component (see Fig. 1). 

The success of the second sequence suggests that a cooler 
primary component with an even smaller cutoff would also 
work, since it would further increase the secondary com- 
ponent’s contribution to the 50-120 eV region. However, this 
would result in a continuum with a much too steep UV spec- 
tral index (between 1826 and 1338 Â) which for AD10X is 
already a bit steeper than the observed auv. In order to main- 
tain an acceptable auv, a different expression for the primary 
component in equation (4) would have to be employed, one 
characterized by a steeper cutoff or an auv relatively indepen- 
dent of £eV, or both. 

In all three sequences, we find that Lya/Mg n increases with 
/(912 Â) rather more steeply than Lya/C iv does. If, as is cus- 
tomary in BLR models, we consider the photoionized clouds 
to be matter bounded, the slope increases with decreasing NH 

TABLE 2 
Emission-Line Ratios for Ionizing Continua in which Only the Primary Component Varies 

Parameter 

Identification 
A/(1338 Â) .. 
A/,   
«uv    
P912/IO 2 — 
/(912 Á)/10-8 

U/10~2  
Lya/C iv   
Lya/Mgii .... 
Lya/Mg 11a ... 
C iii]/C iv   

AD30X 
£eV = 30 

aY = -1.0 

(i) 
1.0 
1.0 

-0.28 
15.0 
0.83 
2.0 
2.3 
9.9 
9.9 
0.38 

(ii) (iii) (iv) 
2.1 
1.0 

-0.09 
6.8 
1.8 
4.5 
1.7 

14.1 
14.7 
0.28 

4.8 
1.0 
0.01 
3.0 
4.2 

10.3 
1.6 

25.4 
26.7 
0.25 

11.3 
1.0 
0.05 
1.3 
9.9 

24.4 
1.8 

57.4 
60.9 
0.28 

(v) 
26.8 

1.0 
0.07 
0.53 

23.5 
58.0 
2.2 

84.6 
127 

0.38 

ADI OX 
£eV = 10 

a* = - LO 

(1) 
1.0 
1.0 

-0.88 
15.0 

1.6 
2.0 
4.7 
5.7 
6.4 
0.79 

(2) 
2.2 
1.0 

-0.81 
6.8 
3.5 
4.3 
4.7 
7.0 
9.1 
0.82 

0) 
5.0 
1.0 

-0.77 
3.0 
8.0 
9.2 
5.1 
9.2 

16.0 
0.88 

(4) 
11.8 

1.0 
-0.76 

1.3 
19.1 
21.5 

5.8 
15.8 
37.7 

1.04 

(5) 
27.9 

1.0 
-0.76 

0.53 
45.3 
50.6 

7.2 
10.4 
55.1 

1.5 

AD10XM 
£eV = 10 

-= -0.7, -1.0 

(A) 
1.0 
1.0 

-0.80 
15.0 

1.5 
2.0 
3.2 
5.9 
6.5 
0.60 

(B) 
2.2 
1.0 

-0.77 
6.8 
3.2 
3.9 
3.5 
7.0 
8.7 
0.65 

(C) 
5.1 
1.0 

-0.76 
3.0 
7.4 
8.5 
4.1 
9.6 

15.4 
0.72 

(D) 
11.9 

1.0 
-0.75 

1.3 
17.4 
19.7 
5.0 

16.5 
38.1 
0.90 

(E) 
28.3 

1.0 
-0.75 

0.53 
41.2 
46.2 

6.6 
11.6 
54.7 

1.3 
1 Lya/Mg 11 for the density-bounded case with NH = 1024 5 cm" 
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TABLE 3 
Coefficients of the Linear Fit3 to the Calculated Line Ratios 

Lya/C iv Lya/Mg n 

Distribution l/low log NH a m tri a m m' 

AD10X    0.020 24.5 4.6 5.83 x 106 0.11 7.4 1.12 x 108 2.1 
AD10X   0.020 25.0 4.6 5.83 x 106 0.11 7.9 6.85 x 107 1.2 
AD10X   0.020 26.0 4.6 5.83 x 106 0.11 
AD10XM    0.020 24.5 3.3 8.29 x 106 0.14 7.2 1.24 x 108 2.1 

a r = n + m/(912 Â), m' ^ 1.14m/(912 Â)lowstate to conform to definition of F(1338 Â) in eqs. (2)-{3). 

as shown in Table 3 but for the sequence ADI OX, it ensures, at 
least, a monotonie increase with/(912 Â). 

As regard to the intercept of the linear fit in Table 3, the 
plausible sequence ADI OX results in values of Lya/C iv and 
Lya/Mg n which are both too large by a factor of roughly 2 
compared to equations (2)-{3). Increasing nH does reduce Lya/ 
C iv and C m/C iv but rather than increasing Ulow or nH in an 
attempt to fine tune the line ratios, it would make better sense 
to explore a more realistic geometrical cloud distribution 
taking into account stratification of the cloud properties, 
which would alter not only the line ratios but possibly the 
slope as well. 

b) Varying the Secondary Component 
Although the constant flux secondary component gives good 

results, it is at odds with the X-ray observations which have 
reported long-term variability of the 2-6 keV count rate. In 
this section we relax the constancy of the X-ray component 
and show what happens when the X-ray flux is allowed to 
increase as well. This ends up overturning the qualitative 
agreement with the observed correlations previously achieved. 
Despite the occasional, initial Lya/C iv increase with some 
distributions as/(912 Â) increases, the last model [high state 
with A/(1338 Â) > 24] invariably yields a smaller Lya/C iv 
than the low state. To illustrate this, therefore, only the two 
calculations corresponding to the low and high state respec- 
tively will suffice. 

The next calculations assume a factor of 4 increase (Afx) in 
the 2-6 keV ME flux to accompany the primary component 
increase of a factor of 33. Note that it corresponds to the 
minimum amount of variation inferred from X-ray observa- 
tions if we limit ourselves to epochs where IUE was oper- 
ational. The results presented in Table 4 clearly indicate 
Lya/C iv to be smaller at high state for both sequences 
AD30Xv and ADlOXv which correspond to £eV = 30 and 10 
eV, respectively. Calculation 2' shows that this result remains 
unchanged even with a much smaller A/(1338 Â) of 13.3. The 
decrease in Lya/C iv is a simple consequence of the secondary 
component’s directly governing the strength of C iv; when the 
latter increases we can expect Lya/C iv to decrease at some 
point. Another problem is to establish the appropriate value of 
Afx, since the EX OS AT data indicates the very soft X-rays 
(<^ 1 keV) to have varied by 60% more than the 2-6 keV ME 
flux between 1983 and 1984. The problem is further exacer- 
bated by the fact that Afx> 6 would make it even more diffi- 
cult to reproduce a monotonie increase in Lya/C iv. Since very 
soft X-ray observations are not available for the period that 
Fairall 9 was at high state, we cannot rule out the possibility 
that the LE soft X-rays were actually weaker than that in other 
epochs. It would, however, be surprising for the trend observed 
during 1983-1984 to be reversed when Fairall 9 was closer to 
its peak. 

We conclude that a monotonie increase in the secondary 
component, even by a factor as small as 4, cannot be suc- 

TABLE 4 
Emission-Line Ratios for Ionizing Continua where the X-Ray Flux Varies and for the Slim Disk Model 

Name 
Eev 
ocx 

Id. 
A/(1338À) 
A/x 
oeuv 
I(eV) 
P912/IO 2 

<7q/10-2 

/(912À)/10- 
U/10-2 

Lya/CIV 
Lya/Mg II 
Lya/Mg II6 

CIII]/CIV 

AD30Xv 
30 

-1.0 

(i) (Ü) 
1.0 24.9 
1.0 4.0 

-0.28 0.03 
39.9 35.0 
15.0 
12.5 

2.3 
1.8 

0.83 21.7 
2.0 53.5 
2.3 2.1 
10.2 43.1 
10.2 76.1 
0.38 0.37 

ADlOXv 
10 

-1.0 

AD30>10Xv 
30, 10 
-1.0 

SliX a 
-L0 

(1) (2) (2') 
1.0 
1.0 

-0.88 
35.8 
15.0 
24.0 
1.6 
2.0 
4.8 
5.7 
6.5 
0.78 

25.9 13.3 
4.0 4.0 

-0.77 -.79 
24.1 26.3 
2.3 
4.0 

4.5 
9.7 
36.4 
0.95 

4.5 
7.8 

41.9 21.4 
47.5 24.7 

3.3 
9.4 
20.5 
0.67 

(a) (b) (b') (b") 
1.0 
1.0 

-0.28 
39.9 
15.0 
12.5 
0.83 
2.0 
2.3 
10.2 
10.2 
0.38 

27.4 27.0 
8.0 6.0 

-0.80 -0.78 
27.1 25.9 
5.3 
9.2 
18.7 

4.1 
7.0 
18.4 

21.7 21.2 

26.6 
4.0 

-0.77 
24.6 
2.7 
4.8 
18.2 
20.7 

3.0 3.5 4.3 
9.1 9.0 9.7 
18.2 20.2 25.2 
0.62 0.69 0.81 

(A) (B) (C) (D) 
1.0 
1.0 

1.5 
1.0 

-0.94 -0.71 
37.2 30.8 
15.0 
29.3 
2.0 
2.0 
5.1 
5.2 
6.1 

0.78 

9.4 
17.9 
3.1 
3.3 
5.5 
6.1 
7.5 
0.90 

2.6 
1.0 

-0.42 
26.2 
5.1 
9.3 
5.7 
6.3 

9.0 
1.0 

-0.38 
24.6 
1.6 
3.0 
17.9 
19.8 

6.1 3.9 
8.5 14.8 
11.9 30.5 
1.0 0.68 

3 Slim disk accretion model of viscosity a = 0.001 for accretion rates of 0.03,0.05,0.1, and 1.0 M0 yr 1 into a black hole of mass 1.0 x 108 M0. 
b Lya/Mg 11 for the density bounded-case with NH = 1024 5 cm - 2. 
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cessfully accommodated in our dual components approach. 
There is an inconsistency between these results and the obser- 
vations: on the one hand, to reproduce the observed line cor- 
relations, it appears that near constancy of flux in the 50-150 
eV region is required and on the other hand, the 2-10 keV flux 
was definitely observed to vary in Fairall 9 by a factor of 4-7 
(since 1970; see Table 6 in Morini et ah). This inconsistency 
may, however, be more apparent than real. A possible solution 
is provided by Morini et al in one of their interpretations of 
the soft X-ray variability. They indicate that variations in the 
absorbing column density along the line of sight could account 
for the observed variability. The fact that the variability is in 
the direction of a larger column absorption as /(1338 Â) 
decreases is consistent with the “warm absorber” model of 
Halpern (1984), since the decreasing luminosity would reduce 
the ionization of the intervening absorbing material, enabling 
it to become more opaque to soft X-rays. If this interpretation 
is correct, BLR clouds in Fairall 9 may well have been exposed 
to the constant X-ray flux which our models favor to account 
for the line correlations. Yaqoob, Warwick, and Pounds (1988) 
have recently outlined in more detail the warm absorber 
model, as well as that of partial source covering, in an effort to 
interpret the spectral X-ray variability in NGC 4151 which 
similarly presents an anticorrelation between the X-ray lumi- 
nosity and the absorbing column density or the soft X-ray 
excess. 

c) Varying the Hardness of the Primary Component 
If we want Lya/C iv to increase despite a moderate increase 

in the X-rays, another avenue that can be taken is to have the 
primary component become softer within the sequence, that is, 
to have £eV decrease with luminosity. The sequence 
AD30> lOXv takes this course with £eV going from 30 eV at 
low state to 10 eV at high state. In Table 4 we show three 
different cases in terms of the factor Afx by which the high 
state X-ray luminosity has increased: 8.0(h), 6.0(h') and 4.0(h"), 
respectively. The results indicate that the X-rays can indeed 
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increase and still produce a larger Lya/C iv at high state if the 
primary component becomes softer. A first problem, however, 
is that the UV spectral index changes dramatically along the 
sequence, from auv = —0.28 to æ —0.78, which is at odds with 
IUE results: an unavoidable consequence of any energy dis- 
tribution with a smooth cutoff since tampering with FeV will 
alter the UV spectral slope. A more fundamental problem is 
that most of the physical emission mechanisms generally held 
responsible for the UV bump predict a hotter distribution at 
higher luminosity. One such physical model purporting to 
explain the big bump is the accretion disk model in which an 
increase in luminosity can be accounted for by an increase in 
the accretion rate. Sequence SliX, presented in Table 4, illus- 
trates the self-consistent evolution from low to high state of an 
energy distribution emitted from a slim accretion disk 
(Szuszkiewicz 1988; Abramowicz et al 1988). The viscosity is 
0.001 and the mass of the assumed black hole is 1.0 x 108 MG. 
At these parameters, the stability criterion for the slim disk 
model would imply an increase in the primary component flux, 
/(912 Â) of ^10.6 for an increase in the accretion rate from 
0.03 to 1.0 M0 yr “ ^ [Larger accretion rates at these particular 
parameters would only result in a harder distribution without 
further increase in /(1338 Â)]. It is apparent from Figure 2, 
that the secondary component becomes harder with/(1338 Â) 
but the mean ionization photon energy e (see Table 4) of the 
composite distribution nevertheless decreases with/(1338 Â). 
Table 4 also gives <jq, the fraction of ionizing photons (below 5 
keV) which the secondary component contributes to the com- 
posite ionizing spectrum. Even without allowing the secondary 
component to vary and with a relatively small A/(1338 Â) of 
9.0, the increase in Lya/C iv is no longer monotonie, as shown 
by models A-D of the SliX sequence. This is obviously 
attributable to the progressive hardening of the primary com- 
ponent. We also note that the spectral index auv is not con- 
stant along the sequence although this discrepancy could 
conceivably disappear if a power law with a low-energy cutoff 
was used and the viscosity in the disk models was allowed to 
vary somewhat as the accretion rate increases. 

BINETTE 

Fig. 2. Ionizing energy distribution Fv (arbitrary units) of the slim accretion disk sequence of Table 4: SliX (A), (B), (C), (D) 
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d) Influence of Geometrical Parameters 
It is worth considering whether an explicit geometrical dis- 

tribution of clouds can affect the above constraints placed on 
the secondary component’s behavior. With a sufficiently thick 
BLR, as in the models of Binette et al. (1989), different lines 
tend to be emitted preferentially at the radius where the repro- 
cessing efficiency is highest. As a result, when the central UV 
source drastically increases in luminosity, the thickness or 
weighted contribution of the various emission zones corre- 
sponding to the different lines does not increase linearly with 
/(1338 Â). The following geometrical model of a thick BLR, 
computed using the code OBFRAM developed by Robinson 
(1989), confirms the need to pursue our exploration of these 
effects. This test model consists of 24,500 clouds distributed at 
random within a sphere of inner radius of 50 light-days and 
outer radius of 5000 light-days; the space density of clouds (as 
well as nH of each cloud) decreases as 1/r from the UV source 
which in this instance is nonvariable; the line emissivity of each 
cloud was obtained from MAPPINGS as in the single cloud 
case above. Note that this rather large BLR size is not neces- 
sarily in contradiction with the small time lags, in some AGN, 
in the emission-line response to continuum variability, as 
recently shown by Robinson and Pérez (1989). The near con- 
stancy of Lya/Mg n in the geometrical model of Table 1 might 
be seen as a further indication that the observed line ratio 
evolution in Fairall 9 cannot be satisfactorily explained 
without changing the energy distribution; it also suggests that 
the too large slope of Lya/Mg n in Table 3 might not be a 
problem at all when BLR stratification is considered. Another 
interesting feature of the thick BLR calculations in Table 1 is 
that an increase in U by a factor of 10 results in a significantly 
smaller increase in Lya/C iv than in single cloud calculations. 
(A similar initial Lya/C iv has to be chosen for this comparison 
to be meaningful). The cloud system as a whole is characterized 
by a reduced dependency on U. This gives rise to the possi- 
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bility that, replacing the single cloud approach by a more rea- 
listic geometry, might suffice to diminish to some degree the 
constraints on the evolution of the ionizing continuum: some 
hardening of the primary component or some increase in the 
soft X-rays might take place without hindering the repro- 
duction of the observed line ratio correlations—a lead not to 
be neglected in future calculations. 

VI. CONCLUSION 

Using standard parameters to describe a broad-line region 
cloud, we have indicated a possible evolutionary sequence of 
the ionizing energy distribution which is able to counteract the 
otherwise dominant dependency of Lya/C iv on the ionization 
parameter. This sequence is characterized by a 10 eV bump 
only marginally steeper than observed by IUE but it requires 
the very soft X-ray (50-300 eV) power law to remain constant 
in luminosity. The latter requirement may not necessarily be at 
odds with the EX OS AT observations if variations in the 
absorbing column density are considered. In our view, it would 
be appropriate to use similar evolutionary sequences in future 
calculations but within the framework of a three-dimensional 
distribution of clouds. This would constitute a further check of 
the validity of the constraints imposed on the soft X-ray varia- 
tions and of the usefulness of UV distributions, such as accre- 
tion disks, which becomes slightly harder with luminosity. 

Thanks to the code OBFRAM of Andrew Robinson (loA), 
we were able to calculate line emission spectra produced by 
three-dimensional geometrical distribution of clouds. We are 
indebted to the Instituto de Astrofísica de Canarias, our host 
during this collaboration, which provided generous allocation 
of computer CPU and disk space. We aknowledge financial 
support from the NATO collaborative research grant No. 
0219/88. 
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