
ASTRONOMY & ASTROPHYSICS MARCH 1997, PAGE 461

SUPPLEMENT SERIES

Astron. Astrophys. Suppl. Ser. 121, 461-487 (1997)

Ultraviolet variability of the Seyfert 1 galaxy Fairall 9?
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Abstract. The large amplitude of the variations of the
Seyfert I Galaxy Fairall-9 between 1978 and 1991 make
this Active Galaxy especially suitable for a combined
study in terms of reverberation analysis and photoioniza-
tion modeling over the velocity field of the broad lines of
its ultraviolet spectrum. We have combined our ultravio-
let data with those available at other wavelengths to de-
rive the intrinsic ionizing continuum and to compare the
predictions of the photoionization models with the obser-
vations. The UV continuum varies with a factor of 33 ± 4
on a characteristic time scale of 182 days. The intrinsic
spectral index UV-optical is α = −0.07 ± 0.02 and the
optical variations do not lag behind the UV variations at
the mean sampling interval of 96 days. In the near IR, the
J band flux presents a direct extension of the UV-optical
continuum (αJ−UV = −0.07 ± 0.05). Only at low flux
levels is the 2−10 keV flux proportional to the UV contin-
uum, at higher UV flux levels proportionality between the
X-rays and the UV brightness breaks down. The con-
tinuum spectral energy distribution (SED) of the nu-
cleus supports the previously reported FIR-NIR excess
associated with 0.02 M� dust at a distance of some
400± 100 light-days, as well as a soft X-ray excess, possi-
bly associated with the reprocessing on an accretion disk
of the hard X-rays emitted from a region above the disk.
The presence of strong Fe Kα line in the GINGA spec-
tra of this galaxy does lend support to this model. Line
profile variability has been used to isolate four gaussian
line components, which are sufficient to describe all lines
at all levels of brightness in a consistent way: one nar-
row (i.e. unresolved at the IUE resolution), and three
broad components: a central (velocity same as the nar-
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row line), a red shifted (v = 3300 km s−1) and a blue
shifted (v = −3600 km s−1) one. The three broad com-
ponents are strongly correlated with the UV continuum,
indicating that photoionization is the dominant mecha-
nism in the BLR. Correlation analysis shows different de-
lays between the broad components and the UV contin-
uum: respectively, 400± 100, −4 ± 70 and 230± 95 days
for the central, red and blue one. Only the red compo-
nent of Lyαλ1216 and CIVλ1549 appear to vary linearly
with the continuum and give significant transfer func-
tions. The resulting transfer functions are peaked at zero
days delay and are unresolved at the average time reso-
lution (96 days) of our data. The photoionization models
(CLOUDY) applied to the line ratios in these components,
indicate that the Broad-Line-Region (BLR) is situated be-
tween 50 − 250 light-days from the ionizing source, with
an hydrogen density of 1012−10 cm−3, a column density of
1023−26 cm−2 and a covering factor of 12 − 2%, with an
ionization parameter between 0.003 and 0.089. However,
no optically thick model reproduces the Lyα/CIV and
Lyα/NV ratios. From these results we propose a model
for the structure and dynamics of the BLR: the mass of
the central compact object is M ≈ 2 108 M�. Around
this exist two distinct gas zones within the BLR: the gas
producing the central component at ≈ 200 light-days and
gas, emitting the red and the blue components, at ≈ 80
light-days moving inward to a central source. These results
require that both these gas zones be localized along the
line-of-sight or, alternatively, that the continuum emission
must be strongly anisotropic. Besides, the gas emitting
the central component is most likely mixed with the dust
and the central gas to dust mass ratio is Mass (central
gas)/mass(dust) = 100 − 750.

Key words: galaxies: individual (Fairall 9) — galaxies:
Seyfert — ultraviolet: spectra
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1. Introduction

Fairall-9 (F-9 = ESO 113-IG45) is a Seyfert 1 galaxy
(mV ≈ 13 mag) in the Southern Hemisphere (α(1950) =
01h 21m 51.s22 and δ(1950) = −59◦ 0.3′58.′′9) at z = 0.0461
(Ward & Wilson 1978). It was discovered spectroscopically
as a Seyfert 1 galaxy by Fairall (1977), who noted its high
luminosity of MV ≈ −24 and classified it as an extreme
Seyfert 1 galaxy, almost a QSO (Fairall 1977; Ward &
Wilson 1978; West et al. 1978). Its morphology shows an
unresolved nucleus (< 1′′ = 660 pc at 140 Mpc, taking
H0 = 100 km s−1 Mpc−1) with an envelope with several
spiral arms extending until ≈ 20′′ from the center and an
elliptical companion galaxy at 28′′ SE. The diameter of
the outer envelope is 64′′ (40 kpc), and a jet is suggested
to exist out to ≈ 55 kpc SE of the nucleus (West et al.
1978). Griersmith & Visvanathan (1979) classified it as
an early type spiral galaxy, but Véron-Cetty et al. (1991)
consider it an elliptical giant galaxy. Its optical linear po-
larization is low, p = 0.4 ± 0.11%, as in most Seyfert
galaxies, consistent with interstellar polarization by dust
from our galaxy only (Martin et al. 1983).

F-9 has displayed an unusually large amplitude in its
variability: it decreased in brightness from 1978 to 1984
with ∆mV = 0.8 mag and in the UV with ∆m(1350 Å) =
3.6 mag, corresponding to maximum to minimum bright-
ness ratio Rmax = 27 (Wamsteker et al. 1985) and
increased afterwards, but never recovered its discovery
brightness. Similar variations have been observed in the
NIR (Glass 1986; Clavel et al. 1989) and X-rays (Morini et
al. 1986), but with smaller amplitude than that seen in the
UV. The optical variations between 1979 and 1990 have
been extensively documented by Lub & De Ruiter (1992).
More recent X-ray observations have been made with
GINGA (Makino, private communication) and ROSAT
(Walter et al. 1995). FIR observations with IRAS have
been reported by Edelson & Malkan (1987) and radio ob-
servations by Véron-Cetty et al. (1991).

The emission lines have been studied in consider-
able detail. The narrow lines of [OIII]λλ4959, 5007, have
been suggested to show a blue asymmetry in the profile
(Whittle 1985; Busko & Steiner 1988, 1989) and no flux
variability (Kollatschny & Fricke 1985; Wamsteker et
al. 1985; Lub & De Ruiter 1992). On the other hand,
the intensity and profiles of the broad lines are highly
variable. The broad UV lines (Lyαλ1216, CIVλ1549 and
MgIIλ2798) have been extensively studied by Chapman et
al. (1985), Wamsteker & Colina (1986) and Clavel et al.
(1989), and the optical lines by Wamsteker et al. (1985)
and Lub & De Ruiter (1992). The complex structure of the
UV line profiles has been discussed by O’Brien & Zheng
(1990) and Zheng & O’Brien (1990). A detailed profile de-
composition by means of gaussian components has been
made for Hβλ4861 by Wamsteker et al. (1985). Cross
correlation studies of the total intensity of Lyαλ1216,
CIVλ1549 and MgIIλ2798 showed a delay in the line re-

sponse to UV continuum variation of 155 ± 45 days for
all three lines (Clavel et al. 1989). Koratkar & Gaskell
(1989) suggest that CIV seems to show evidence of in-
fall motion, while MgIIλ2798 suggests random motion.
Photoionization model calculations on the total line in-
tensities by Clavel & Santos-Lleó (1990) indicate a Broad-
Line-Region (BLR) at 100 light-days from the ionizing
source, which needs a cut-off energy of 0.83 ryd in the big
blue bump, a density of 109.5−11 cm−3 and a column den-
sity of 1023.5 cm−2 to be able to explain the Wamsteker-
Colina effect, the apparent saturation of CIV at high lu-
minosities as defined by Shields et al. (1995). Binette et
al. (1989) require a similar cut-off energy at 0.73 ryd using
a different photoionization code.

We discuss here all observations made in the UV (Sect.
2) and compare these with the observations made at other
wavelengths to derive the Spectral Energy Distribution
(SED) in Sect. 3. In Sect. 4 we give a detailed analysis of
the emission line variability, including line decomposition.
Section 5 combines the results of Sects. 3 and 4 to compare
the data with photoionization calculations and derive the
nature of the Broad-Line-Region (BLR) in Sects. 6 and 7.
A summary of the results is given in Sect. 8.

2. Ultraviolet observations

The UV spectra have been taken with the International
Ultraviolet Explorer (IUE) satellite (Boggess et al. 1978a,
b, 1989; Fälker et al. 1989). We have used all spectra taken
between 1978 and 1991 from the IUE Archive, many of
these have been taken under the ESA IUE Observatory
Programs. In these 13 years (4903 days) 158 spectra were
obtained through the large aperture (LAP: 10′′ × 20′′) in
low resolution mode (6 − 8 Å), 90 with the SWP (Short
Wavelength Prime) camera between 1150−1950 Å, and 68
with the LWR/P (Long Wavelength Redundant/Prime)
cameras between 1900 − 3200 Å. All were reduced with
the most recent version of the IUE Image Processing
System (IUESIPS: Clavel 1987). To adjust for shifts in
the wavelength scale due to centering uncertainties in the
LAP, all spectra were aligned by centering the peak of
Lyαλ1216 at λ (observed) = 1271.6 Å and for MgIIλ2798
at λ (observed) = 2929.08 Å. The LWR spectra were cor-
rected for the sensitivity loss of this camera with time
(Clavel et al. 1988). On the other hand, because the sensi-
tivity degradation of the SWP and LWP Cameras is small
(some 13% over the 13 years) and shows a smooth varia-
tion with wavelength above 1200 Å (Sonneborn & Garhart
1987; Bohlin & Grillmair 1988), its effect on the line shape
and continuum variation is very small in comparison to
the overall variability of F-9 and no correction was ap-
plied for it. The IUE Fine-Error-Sensor (FES) allows op-
tical photometry in a 12′′ equivalent square aperture with
an effective wavelength for AGN-type energy distributions
of λ ≈ 5200 Å. The 58 FES measurements have been
corrected for the sensitivity loss with time. Due to FES
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reference point (the position on the detector where the
photometric measurements are made) changes, two differ-
ent corrections had to be applied: one between 1980 and
1989 (Pérez et al. 1991) and another after 1990 (Pérez
1991).

Rather than listing here again the details for the in-
dividual spectra, we refer the reader for the observational
details to Clavel et al. (1989) and Courvoisier & Paltani
(1992). In most cases the IUE spectra were exposed op-
timally for Lyαλ1216 and MgIIλ2798 but those overex-
posed in the lines (saturation in more than 5 pixels) have
not been used for the line decomposition study (SWP
1804, 2215, 4539, 13351, 16559, 16890, 17249, 17446,
17521, 18094, 18891, 21261, 21286, 25825, 26774, 27007,
27008, 27400, 28213, 28307, 28632, 28633, 29545, 29991,
30160, 31176, 34053, 37548, 40179; LWP 2037, 5872, 6201,
6491, 8081, 8562, 9426). Table 1 gives the UV continuum
fluxes and FES counts for the IUE data. Whenever there
are several spectra and several FES measurements the val-
ues in Table 1 give the mean value and the rms error for
the fluxes and the FES counts. In the case of a single
FES measurement, we have adopted an error of 6%, cor-
responding to the average of the rms deviations of the
individual measurements at the epochs when more than
one measurement was available.

3. The spectral energy distribution (SED) of F-9

3.1. Multi-wavelength continuum: corrections and
measurements

We have used the observations of F-9, taken between 1978
and 1991, at all wavelengths from the radio to X-rays to
derive the nuclear continuum spectral energy distribution
(SED), which will later be used in the photoionization
models. The X-ray, UV, and optical lightcurves are shown
in Fig. 1. All data were corrected for E(B − V ) = 0.035
which is derived from the combined hydrogen column
density from our Galaxy and the Magellanic Stream of
NH = 1.9 1020 cm−2 (Morini et al. 1986; Clavel & Santos-
Lleó 1990). Using this color excess we applied Seaton’s
law (1979) to correct the ultraviolet and the optical. In
the NIR we used the extinction law for this wavelength
region from Rieke & Lebofsky (1985). To evaluate the con-
tribution in the FIR due to cold interstellar dust from the
galaxy disk of F-9, we used the results for normal early-
type spiral galaxies from the IRAS observations derived
by De Jong et al. (1984). The resulting disk flux of 120
and 370 mJy at respectively 60 and 100 µm, has been sub-
tracted from the IRAS fluxes for F-9 in these bands. The
subtraction of the stellar contribution in the optical and
the near IR will be discussed in Sect. 3.1.1. Unless oth-
erwise specified, we will use observed wavelength in the
following discussion.

Fig. 1. Light curves of the UV, optical and X rays continua. a)
FES light curve (λeff ≈ 5200 Å). b) F (1400 Å) light curve. The
full drawn line is the cubic spline interpolation used to derive
the UV fluxes at times when no simultaneous observations were
available. c) F (4298 Å) light curve (Table 2). d) F (2−10 keV)
light curve (Table 3). N.B. At minimum (JD≈ 3000) the object
was too faint to be detected with the FES

3.1.1. The ultraviolet and optical

The ultraviolet continuum fluxes in Table 1 have been
measured in three “line-free” windows centered at 1171
(1158-1184), 1400 (1390-1410) and 1910 (1895-1925) Å,
and are corrected for E(B − V ) = 0.035 extinction.
When more than one spectrum was available on the
same day, both fluxes and errors have been averaged.
Since F (1171 Å) is rather noisy -it is measured at the
short wavelength side of the geocoronal emission- and
F (1910 Å) already has a small contribution of the Balmer
continuum and the FeII emission (Small Blue Bump), both
present above ≈ 1500 Å (rest wavelength), we will use the
F (1400 Å) as reference UV continuum. For those cases
where the data in the UV and at other wavelengths are
not exactly simultaneous, we use an interpolation of the
UV light curve fitted with a cubic spline using a smooth-
ing factor of χ2(reduced) = 3.75 as shown in Fig. 1b to
the epoch of the non-UV observation. Table 1 also gives
the FES counts corrected for E(B− V ) = 0.035. Ground-
based optical photometry between 1979-1990 of F-9 has
also been reported by Lub & De Ruiter (1992). We have
corrected their B band fluxes at 4298 Å measured with
an aperture radius of 5.′′8 for E(B − V ) = 0.035 (versus
E(B − V ) ≈ 0.02 as used by them; De Ruiter, private
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communication). These values are given in Table 2 to-
gether with the corresponding UV fluxes, derived from
the interpolated ultraviolet lightcurve. Both the FES and
the B lightcurve are shown together with F (1400 Å) and
X-rays in Fig. 1.

3.1.2. The stellar contribution to the optical continuum

The FES light curve (Fig. 1) is very similar to the UV,
but its amplitude, as is common in Seyfert I galaxies, is
considerably smaller with Rmax = 3.0 ± 0.2. The Cross
Correlation Function (CCF ; Gaskell & Peterson 1987) of
the FES counts with F (1400 Å) peaks at −4 ± 76 days
(Fig. 2c), indicating that there is no delay between the
variations at these wavelengths. As a consequence of this
both fluxes are highly correlated (Fig. 3c):

FES = (2.76± 0.13)× F
1400 Å

+

+ (34.91± 1.12) (counts).
(1)

(F
1400 Å

is in units of 10−14 erg s−1 cm−2 Å−1) with

r = 0.938. Using the calibration of Imhoff & Wasatonic
(1986) one can in an approximate way convert the
FES counts to Johnson V -band fluxes. Using a color
index of (B − V ) ≈ 0.2 for the total central flux
of F-9 (Griersmith & Visvanathan 1979) we obtain
FESV (10−14 erg s−1 cm−2 Å−1) = 0.024 × FES(cts),
changing relation (1) into:

FESV = (0.066± 0.007)× F
1400 Å

+

+ (0.838± 0.083) (10−14 erg s−1 cm−2 Å−1).
(2)

Here we have added the estimated error of 6%, associated
with the calibration used (Imhoff & Wasatonic 1986), to
the correlation errors. Both relations (1 and 2) show a non-
negligible constant term most likely due to the stellar con-
tribution from the central bulge of the underlying galaxy.
This contribution dilutes the intrinsic nuclear variation of
the AGN itself and causes the smaller amplitude of the
optical variations with respect to the UV. Similar results
are obtained from the optical data of Lub & De Ruiter
(1992) and their light curve is also very similar to the UV
one (Fig. 1c) and its amplitude, Rmax = 3.41 ± 0.06, is
similar to that of the FES. The CCF of F (4298 Å) with
F (1400 Å) peaks at −16 ± 93 days (Fig. 2c), confirming
the strict simultaneity at the time resolution of 96 days
of the variations at these wavelengths. Linear correlation
gives (Fig. 3d):

F
4298 Å

= (0.115± 0.001)× F
1400 Å

+

+ (0.670± 0.008) (10−14 erg s−1 cm−2 Å−1).
(3)

r = 0.969, using the interpolated F (1400 Å) light curve.
Also here the non-zero constant term is most likely due
to the stellar contribution and is the main cause for
the smaller amplitude of the F (4298 Å) variations com-
pared to the UV. The constant terms in these relations

causes the apparent hardening of the UV-optical spec-
tral index α (Fν ∝ ν+α; e.g. Table 2 for F (4298 Å))
with increasing UV brightness. Since we want to use
the observed AGN SED later as input spectrum for the
photoionization models at different brightness levels, we
need to correct the SED for these contributions. The
constant term in Eqs. (2) and (3) is dominated by the
stellar contribution, however many optical FeII multi-
plets and the forbidden lines of [OIII]λ5007, 4959 as
well as Hβλ4861 contribute both to the FES counts and
F (4298 Å). To evaluate the Fe II contribution, we use
the results of Wamsteker et al. (1985), deriving a value of
≈ 0.1 10−14 erg s−1 cm−2 Å−1, from high resolution spec-
tra and FeII model fitting. Subtracting this from the con-
stant in Eq. (2) we obtain (0.7 ± 0.1) 10−14 erg s−1

cm−2 Å−1 (for the V band). Similarly we estimated
the FeII contributing to the F (4298 Å), using the same
FeII model and the bandpass of this band (Lub & Pel
1977). This resulted in ≈ 0.06 10−14 erg s−1 cm−2 Å−1.
Subtracting this from the constant in relation (3) gives
(0.61±0.01) 10−14 erg s−1 cm−2 Å−1 (for the F (4298 Å)).
In the absence of optical spectra or images, taken specifi-
cally for this purpose, we can compare the results of this
procedure with other independent determinations of the
stellar contribution to the nuclear flux in those wave-
lengths were it is important. Griersmith & Visvanathan
(1979) used a De Vaucouleurs law (r1/4 distribution) for
the brightness distribution, which they combined with
their measured brightness distribution to calculate the
stellar galaxy flux in V for any aperture. For the FES
(taken in V ) with an aperture radius of 6.′′77, we obtain
(0.50 ± 0.21) 10−14 erg s−1 cm−2 Å−1, consistent with
the above. For the F (4298 Å) aperture radius of 5.′′8,
and taking the color index for the stellar population
in the galaxy (B − V ) = 0.72 ± 0.12 mag (Griersmith
& Visvanathan 1979), we obtain (taking B = 4298 Å)
(0.47±0.24) 10−14 erg s−1 cm−2 Å−1, also in good agree-
ment with the above. Since the stellar emission of the
galaxy estimated by Griersmith & Visvanathan (1979)
is in good agreement with those derived by us we will
use it in what follows. This value is approximately half of
that derived for F (4298 Å) by Lub & De Ruiter (1992),
but they used a disk-like exponential brightness distri-
bution and may have underestimated the contributions
due to FeII considerably. A disk distribution might not be
appropriate for the apertures used by Lub & de Ruiter
(5.′′8− 14.′′05), because Griersmith & Visvanathan (1979)
suggest that the nuclear bulge extends out to 11.′′75.
Véron-Cetty et al. (1991) find also that a r1/4 distribu-
tion gives a good representation of their observations of
the galaxy surface brightness distribution for F-9. With
their value of MV and (B − V ) = 0.75 mag for the
galaxy, we derive the expected contribution to the FES
counts to be ≈ 0.41 − 0.45 10−14 erg s−1 cm−2 Å−1 and
to the F (4298 Å) ≈ 0.37− 0.41 10−14 erg s−1 cm−2 Å−1.
Since these independent estimates of the stellar
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Table 2. Ultraviolet and optical continuum

JD F
1400 Å

(interpolated) F
4298 Å

α
1400−4298 Å

Balmer C. (3837 Å)

-2 443 000 10−14 erg s−1 cm−2 Å−1 10−14 erg s−1 cm−2 Å−1

1226 20.06 2.76 ± 0.03 -0.232 ± 0.022 0.96 ± 0.07
1462 15.48 2.59 ± 0.03 -0.406 ± 0.024 1.46 ± 0.06
1587 13.28 2.03 ± 0.06 -0.326 ± 0.061 0.88 ± 0.10
1951 10.04 2.04 ± 0.04 -0.579 ± 0.040 1.32 ± 0.06
2320 7.00 1.29 ± 0.01 -0.492 ± 0.016 0.57 ± 0.10
2677 3.24 0.86 ± 0.02 -0.817 ± 0.048 0.40 ± 0.01
3059 1.26 0.81 ± 0.01 -1.606 ± 0.025 0.56 ± 0.03
3410 3.80 1.13 ± 0.01 -0.919 ± 0.018 0.78 ± 0.01
3768 6.78 1.38 ± 0.01 -0.581 ± 0.015 0.72 ± 0.03
4176 9.42 2.02 ± 0.05 -0.627 ± 0.051 1.20 ± 0.11
4502 7.05 1.492 ± 0.002 -0.616 ± 0.003 0.86 ± 0.01
4885 4.75 1.24 ± 0.02 -0.803 ± 0.033 0.80 ± 0.03

NOTE: The optical data are taken from Lub & De Ruiter (1992). Balmer C. discussed in 4.1.

contribution to the optical measurements of the nuclear
brightness are all consistent within the measurement un-
certainties, we can be confident that all constant com-
ponents in the observations of the nuclear region of F-9
are properly allowed for in the derivation of the SED of
the active galactic nucleus. Then, using the slopes of the
relations (2) and (3), we obtain α(1400 Å − FES(V)) =
0.00±0.18 and α(1400 Å−4298 Å) = −0.07±0.02, equal
within the errors. As the second value has a smaller error,
we will use from now on a UV-optical spectral
index αUV−op = −0.07 ± 0.02. After correction for
E(B − V ) = 0.035, instead of E(B − V ) = 0.06 used by
Wamsteker et al. (1985), this value is similar to the index
obtained from their Table 1, αUV−op = 0.06± 0.27.

3.1.3. The infrared

Near infrared (NIR) observations of F-9 in J (1.15 µm),
H (1.58 µm), K (2.10 µm) and L (3.35 µm) have been
reported in Glass (1986) and in Clavel et al. (1989). From
these data we only use those coinciding in temporal cov-
erage with the UV observations and only the data with
an aperture radius of 6′′ to avoid variations in stellar light
contributions in the photometry. All fluxes have been cor-
rected for E(B − V ) = 0.035.

Edelson & Malkan (1987) report on four IRAS obser-
vations at 12, 25, 60 and 100 µm made over a period
of 14 days, and find no significant variability in any of
these bands. We use here for each band the mean flux and
the rms of the individual measurements. The values for
the mean epoch (JD − 2 443 000) = 2476, are 380 ± 20,
550 ± 20, 590 ± 40 and 830 ± 30 mJy for 12, 25, 60 and
100 µm, respectively. Subtracting the disk dust contri-
bution at 60 and 100 µm (120 and 370 mJy, respec-
tively. See above), the fluxes for these two bands become
470±40 and 460±30 mJy. Note the agreement between the
12 µm IRAS point and the N3 measurement (also at
12 µm) taken ≈ 600 days earlier (see Fig. 8 by Clavel et
al. 1989), confirming that the 12 µm radiation is not vari-
able. The shape of the light curves in J (1.15 µm), H (1.58

Fig. 2. Variability features of the UV-optical continuum. a)
The power spectrum (Press & Teukolsky 1988 algoritm) of the
variations for F (1400 Å). The peak at 4903 days represents
the total temporal range of the data and is not a real variabil-
ity time scale. b) ACF (Autocorrelation Function; Gaskell &
Peterson 1987) for F (1400 Å). c) CCF for F (1171 Å) (solid
line), for F (1910 Å) (dashed line), FES counts (dot-dashed
line) and F (4298 Å) (dotted line) with respect to F (1400 Å).
The formal delay between these is respectively, 4 ± 67, 0 ± 65,
−4 ± 76, and −16± 93 days

µm), K (2.10 µm) and L (3.35 µm) are very similar to the
UV (see Clavel et al. 1989), with a considerably smaller
amplitude at Rmax = 1.98± 0.08, 2.53± 0.10, 2.88± 0.11
and 2.44± 0.16, respectively. Clavel et al. (1989) derived
delays of respectively −20±100, 250±100, 385±100 and
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Fig. 3. Correlations between the continuum fluxes at different
wavelengths versus the UV flux F (1400 Å). Linear regression
lines are shown as dotted lines. a) F (1171 Å). b) F (1910 Å).
c) FES counts (λeff ≈ 5200 Å). d) F (4298 Å). e) FJ(1.15 µm)

410±110 days for J , H, K and L, while we have obtained
that the J band and the UV fluxes are related by (Fig. 3e):

FJ = (0.75± 0.03)× F
1400 Å

+ (15.59± 0.19) (mJy)

(F
1400 Å

as 10−14 erg s−1 cm−2 Å−1)
(4)

with r = 0.950, or, converting all units to
10−14 erg s−1 cm−2 Å−1:

FJ = (0.0170± 0.0007)× F
1400 Å

+

+ (0.354± 0.004) (10−14 erg s−1 cm−2 Å−1).
(5)

The constant term in relations (4) and (5) is again
dominated by the stellar contribution, while also the H,
K, and L fluxes are affected, but to a progressively lesser
extent.

The stellar emission in the near IR for F-9 with an
aperture radius of 6′′, using the surface brightness dis-
tribution in V (with an error of 3%) of Griersmith &
Visvanathan (1979) and color indexes of V − K = 2.99,
J −H = 0.76± 0.02, H −K = 0.08± 0.02 and K − L =
0.28±0.03 (Clavel et al. 1989) is 13±6, 17±7, 11±4 and
7± 3 mJy for J , H, K and L, respectively. Glass (1986)
comments that these color indexes are consistent with
the population found in normal galaxies (V − K = 2.99
is characteristic of giant and supergiant stars of K3-K4
spectral-type (Johnson 1966)). This stellar contribution
at J (13 ± 6 mJy = 0.3 ± 0.1 10−14 erg s−1 cm−2 Å−1)

is similar, within the errors, to the constant term in Eqs.
(4) or (5). Therefore, the behavior in the J-band can be
fully understood in terms of a variable source, which is a
direct extension of the UV-optical power-law, and a con-
stant part due to the stellar contribution. Thus there ap-
pears to be no evidence for the presence of a steep con-
stant IR power law, extending into the optical, as sug-
gested by Edelson & Malkan (1986, 1987) and Carleton
et al. (1987). For the AGN (without the stellar contri-
bution) we obtain an intrinsic J − UV spectral index of
α(UV− J) = α(1400 Å− 1.15 µm) = −0.07± 0.05, equal
to the index obtained between 1400 and 4298 Å, confirm-
ing that the variable J flux is a direct extension of the
UV-optical.

3.1.4. The X-rays

Morini et al. (1986) have summarized the F-9 hard X-ray
observations from 1970 to 1984 obtained with the Uhuru,
Ariel 5, HEAO (1 and 2) and EXOSAT satellites. We
use here again only data after 1978, for comparison with
the UV continuum. Two GINGA observations on 1989
November 20-21 and in 1990 November 22-25 are included
(Makino, private communication). The 2− 10 keV fluxes
are listed in Table 3 together with the interpolated UV
flux and the light curves are shown in Fig. 1d with the
UV and the optical ones. The GINGA data give hard X-
ray spectral indexes of α = −0.89 ± 0.05 (JD = 4851)
and α = −0.85 ± 0.05 (JD = 5219), both with a fixed
column density of NH ≈ 3 1020 cm−2 and also show
a strong Fe emission line centered at 6.64 ± 0.24 keV,
with an equivalent width of 360± 140 eV on JD = 4851
and 6.63 ± 0.24 keV and 360 ± 140 eV on JD = 5219.
The only Soft X-ray observation has been taken with
the ROSAT satellite at the same date as the second
GINGA observation (JD = 5219), simultaneous with one
of the UV spectra (in the context of the RIASS program:
De Martino et al. 1991). Walter et al. (1995) find that
for a column density of NH = 2.84 1020 cm−2 two power
laws are required. So, he obtains for the GINGA spec-
trum a spectral index of α = −0.84 and for the 2−10 keV
flux of 3.04 10−11 erg s−1 cm−2 very similar to Makino’s
values, and for the ROSAT spectrum, α = −2.6 and
F (0.15− 2 keV) = 2.2 10−11 erg s−1 cm−2, indicative of
a strong soft X-ray excess.

3.1.5. Radio

The only radio observation reported for F-9 has been made
at 4.7 GHz (Véron-Cetty et al. 1991) with the Australian
Telescope on 24 December, 1990 (JD = 5249) and they
give a 3σ upper limit to the flux of 5 mJy, classifying F-9
as a weak radiosource.
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Table 3. Ultraviolet and X-rays continuum

JD F
1400 Å

(interpolated) F(2− 10 keV) αUV−X

-2 443 000 10−14 erg s−1 cm−2 Å−1 10−11 erg s−1 cm−2

674.5 22.56 2.79 ± 0.40 -1.372 ± 0.051
1009.5 23.27 2.52 ± 0.20 -1.393 ± 0.028
1070.5 22.56 2.95 ± 0.24 -1.364 ± 0.029
2621.5 3.78 1.58 ± 0.03 -1.185 ± 0.007
2994.5 1.31 0.74 ± 0.03 -1.139 ± 0.014
4851 4.61 3.09 -1.113
5219 6.78 2.98 -1.178

NOTE: The first five data are taken from Morini et al. (1986) and the last two ones from Makino (private communication).

3.2. Variability characteristics

3.2.1. The ultraviolet

The F (1400 Å) light curve (Fig. 1b) shows a wide range
of variability over the duration of the IUE observations.
It shows a striking large and relatively slow flux decrease
since the first observations (1978-August-02, JD = 723)
through 1984 October 29 (JD = 3003). After this decline,
the source brightened again until 1987 June (JD = 3964),
where it reached ≈ 1/3 of its maximum brightness. The
maximum amplitude of the whole light curve, expressed
as the ratio of the maximum to the minimum flux (R),
is Rmax = 33 ± 4 (in order to reduce the formal error on
Rmax the minimum flux and its error were taken to be the
average of the three lowest values and their rms).

Pure Fourier techniques can not be used with un-
equally sampled data. In this case other algorithms can
be applied to allow for the non-uniform sampling. We ap-
plied the algorithm by Press & Teukolsky (1988) to the
UV light curve to obtain the frequency power spectrum.
This is shown in Fig. 2a, where different significance lev-
els (0.05, 0.001) for a random noise hypothesis are also
indicated. Small values of this level indicate a highly sig-
nificant periodic signal. In the figure three main maxima
can be observed, corresponding to typical variability time
scales of 4903, 182 and 56 days, respectively. The strongest
peak at 4903 days is associated with the total duration
of the sampling, and does not represent a real variability
time scale. Since the mean interval between two consecu-
tive observations is 96 days, we can only expect to resolve
variations on longer time scales than this. On the other
hand the irregular nature of the sampling could still allow
the detection of faster variations. This could indicate the
existence of the 56 days peak as a real variability time
scale, but since it can not be confirmed from the present
data, we conclude that 182 days represents the dominant
typical variability time scale of F-9 at 1400 Å.
Both F (1171 Å) and F (1910 Å) are strongly corre-
lated with F (1400 Å) and the linear correlation analysis
(Figs. 3a, b) gives:

F
1171 Å

= (1.59± 0.10)× F
1400 Å

+

+ (−1.55± 0.65) (10−14 erg s−1 cm−2 Å−1)
(6)

with a correlation coefficient r = 0.967; and

F
1910 Å

= (0.65± 0.02)× F
1400 Å

+

+ (0.24± 0.15) (10−14 erg s−1 cm−2 Å−1)
(7)

with r = 0.986. In both cases, the constant term is small
compared to the flux and not significantly different from
zero. Most likely the slight deviation from zero of the con-
stant term in relation (6) is caused by the non-linearity
and poorly determined calibrations in this region of the
IUE camera in the window below 1214 Å, while in rela-
tion (7) it is due to the small FeII and Balmer continuum
contribution to the flux in the 1910 Å window. The strict
proportionality of the fluxes in these windows indicates
that, in spite of the large amplitude, the brightness vari-
ation takes place with constant spectral index between
1171 − 1910 Å. The relations (6) and (7) give spectral
indexes of α(1171 − 1400 Å) = 0.60 ± 0.81, α(1400 −
1910 Å) = −0.59± 0.23 and α(1171− 1910 Å) = −0.17±
0.35. These two last spectral indexes (α(1400 − 1910 Å)
and α(1171− 1910 Å)) are somewhat steeper than the in-
trinsic UV-optical one (≈ −0.07, Sect. 3.1.2). This is most
likely caused by the contribution of the Balmer continuum
which is correlated with the UV flux (Sect. 4.1) and some
FeII contribution (see Figs. 6a-c), resulting in an appar-
ent steepening of the spectral index. Because the Balmer
continuum is a nebular component, it is more meaningful
to use a large wavelength range to calculate the spectral
index linking the UV to the optical, where we have al-
lowed for the removal of non-AGN associated flux in the
spectrum, as done in Sect. 3.1.2.

The proportionality between the three UV fluxes and
the similarity of their maxima and minima in the light
curves, suggests the absence of lag between them. The
cross correlation function (CCF ; Gaskell & Peterson
1987) of F (1171 Å) and F (1910 Å) with F (1400 Å) are
shown in Fig. 2c and as a reference the auto-correlation
function, ACF of F (1400 Å), in Fig. 2b. These peak at
−4±67 and at 0±65 days, respectively. This absence of a
delay in the variability between the continuum windows,
suggest that a coherent emission mechanism is responsi-
ble for the continuous emission at all three wavelengths or
otherwise the variations are isothermal.
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3.2.2. The X-rays

The light curve of the integrated X-ray flux between 2 and
10 keV is clearly different from the UV and optical ones
(Fig. 1d). The X-ray light curve decreases from a maxi-
mum to a minimum value, after which the flux raises again
to its initial level of 1978. The amplitude of variations in
this time interval is Rmax = 4.0± 0.4 for the decline and
Rmax = 4.2± 0.2 for the increase. This is contrary to the
UV continuum, which shows a much larger amplitude of
RUV ≈ 18 (as calculated from the interpolated values), in
the decrease and an amplitude of RUV ≈ 5, similar to the
X-rays, when brightening. This indicates that both UV
and X-rays vary equally in the increase after the mini-
mum, but not in the initial decrease from 1978. This sug-
gests that the good correlation between X-rays and UV
breaks down at high levels of the UV continuum (Fig. 4b),
as has also been seen in other AGN such as NGC 4151
(Perola et al. 1986) and NGC 5548 (Clavel et al. 1992).
Figure 4b shows a good correlation whereas the UV flux
is weak (< 10 10−14 erg s−1 cm−2 Å−1), while at UV flux
(> 20 10−14 erg s−1 cm−2 Å−1) the X-rays appear to re-
main constant. For the intermediate levels, unfortunately,
no data are available. This behavior is obviously repro-
duced in the individual UV-X-rays spectral indexes shown
in Table 3. For the low levels the mean spectral index is
αUV−X = α(1400 Å− 6 keV) = −1.15± 0.03, whereas for
the high levels it is αUV−X = −1.38± 0.04, resulting in a
significantly steeper spectrum at the high UV brightness,
as shown in Fig. 4c.

3.3. The spectral energy distribution (SED) from radio to
X-rays

In Fig. 5 we show the intrinsic F-9 continuum SED (ob-
served), from radio to X-rays, as described above for four
different levels of continuum brightness. To allow direct
comparison with the standard conventions to display SED
in the context of different wavelength domains we show
both the frequency spectrum logFν as well as the en-
ergy spectrum logνFν versus logν. The first one allows
easy evaluation of the spectral index (slope of the curve)
and the second one is the usual way to represent the
SED, where a flat SED corresponds to equal energy per
decade. In absence of observational support for significant
variability in the FIR and radio domain we have used
at these wavelengths the single value determined above
for all UV and X-ray brightness levels of F-9. For the
near IR-hard X-rays range, we use the results of the vari-
ability study in each band with respect to the UV one.
We will in what follows refer to the four levels of UV
brightness as it “high” (JD = 1009.5), “intermediate-
high” (JD = 1951), “intermediate-low” (JD = 2621.5)
and “low” (JD = 2994.5), corresponding to the inter-
polated F (1400 Å) for each date. We have chosen these
dates because for three of them there exist values for the

Fig. 4. The Balmer Continuum (BaC), X-rays (2 − 10 keV)
Flux, and the UV to X-rays spectral index αUVX as a function
of the UV continuum brightness F (1400 Å). a) BaC (3837 Å)
derived from the data of Lub & De Ruiter (1992); see Table
2. b) F (2− 10 keV); see Table 3. c) UV-X-rays spectral index
αUVX

F (2 − 10 keV) (see Table 3) and for the JD = 1951,
when there are no X-rays data, we interpolated linearly
between the two values nearest to this date, obtaining
F (2− 10 keV) = 2.17 10−11 erg s−1 cm−2. For each date,
the J , H, K and L fluxes have been taken by interpolating
on the light curves (corrected for the stellar contribution).
These observed complete SED’s will be applied later, to
define the input continuum spectra for the photoioniza-
tion models in the detailed evaluation of the line intensi-
ties and the variability characteristics to disentangle the
conditions in the BLR. The flux values used from radio to
X-rays, in units of 10−14 erg s−1 cm−2 Å−1 (and between
round brackets in units of mJy), are given in Table 4.

From the combined optical, NIR (J) and ultraviolet
variability study we found that the spectrum in this do-
main can be represented, after allowing for the galaxy
contribution, by a power law spectrum with a constant
spectral index of α(UV − optical) = α(UV − J) = −0.07
(independently of the brightness). It is then justified to
parametrize the central continuum spectrum with a UV-
optical-J power law of the type Fν = F0 × ν−0.07, where
F0 is determined from the observed F (1400 Å) for the dif-
ferent brightness levels. In the hard X-rays we use a power
law with α(2−10 keV) = −0.96 and the constant value is
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Table 4. Flux values used in the SED

Radio: F (4.7 GHz) < 3.68 10−11 10−14 erg s−1 cm−2 Å−1 (5 mJy)

Far IR=IRAS bands:
F (100 µm) = 0.00138 10−14 erg s−1 cm−2 Å−1 (0.46 103 mJy)
F (60 µm) = 0.0039 10−14 erg s−1 cm−2 Å−1 (0.47 103 mJy)
F (25 µm) = 0.026 10−14 erg s−1 cm−2 Å−1 (0.55 103 mJy)
F (12 µm) = 0.079 10−14 erg s−1 cm−2 Å−1 (0.38 103 mJy)

Near IR-UV-X-rays: 10−14 erg s−1 cm−2 Å−1 (mJy)

HIGH INT-HIGH INT-LOW LOW
F (L = 3.35 µm) = 0.33 (123.89) 0.35 (132.41) 0.26 (97.82) 0.18 (65.75)
F (K = 2.10 µm) = 0.50 (73.79) 0.46 (67.93) 0.28 (40.78) 0.16 (23.37)
F (H = 1.58 µm) = 0.47 (39.26) 0.37 (31.11) 0.17 (14.46) 0.09 (7.14)

F (1400 Å) = 23.27 (15.20) 10.04 (6.56) 3.78 (2.47) 1.31 (0.86)

F (6 keV) = 766.14 (0.00109) 659.73 (0.00094) 480.36 (0.00068) 224.98 (0.00032)

determined from the observed F (2−10 keV). This spectral
index is taken from Morini et al. (1986) and is within the
errors the same as that independently determined from
the GINGA observations (see Sect. 3.1.4). There is only
one observation with ROSAT, simultaneous with GINGA
and IUE. Since the wavelength ranges around the soft X-
rays are variable, the soft X-rays are likely to vary also. We
can then not use this unique datum for the four brightness
levels defined before (Fig. 5). However, the simultaneity
with the hard X-rays and the UV on JD = 5219, allows us
to characterize at least part of the big blue bump shape
(Fig. 5c). In this figure we have used the ROSAT-GINGA
spectral model by Walter (see Sect. 3.1.4), and the J-UV
power law with α = −0.07 fitted to the F (1400 Å) in this
date. A strong soft X-ray excess is clearly seen with re-
spect to the hard X-ray power law, suggesting that the
soft X-rays merge smoothly into the decrease of the big
blue bump, which must than have its maximum at ener-
gies less than 0.15 keV (= 11 ryd; logν = 16.6 Hz).

4. Analysis of the emission lines

The comparison of the photoionization models with the
observations will of course also require a detailed analy-
sis of the emission lines over the large range of variability
displayed by F-9. Especially the large amplitude of the
variability offers a good opportunity to evaluate the pos-
sible existence of different response characteristics over the
extent of the broad lines. The line analysis has been done
in three stages following the same procedures as applied
by Wamsteker et al. (1990) for NGC 5548: first we have
removed the various continuum contributions, since espe-
cially the small blue bump, mainly composed of Balmer
continuum and the many blended FeII lines, form a semi-
continuum, which could affect the final results of the line
analysis. After the continuum has been properly allowed

Fig. 5. Different representations of the SED of the F-9 con-
tinuum. a) logFν versus log ν from radio to X-rays for four
levels of UV brightness (see Sect. 3.3). b) log νFν versus log ν
from radio to X-rays for four levels of UV brightness. c) SED
(log νFν versus log ν) for the unique simultaneous observation
IUE-ROSAT-GINGA (JD = 5219). The extrapolation of the
hard X-rays (log ν ≥ 17.7 Hz) into the soft X-rays clearly in-
dicates a soft X-rays excess. This suggest that the turnover of
the big blue bump, which starts at log ν = 14.4 Hz, occurs in
this range
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for, we are left with a pure emission line spectrum in which
one can reliably measure the integrated line intensities.
The third part is the detailed line decomposition from es-
sentially pure emission line spectra, and derive the details
of the line response for the different velocity domains over
the broad line profile. In this last part the actual line vari-
ability has been used through the differencing method to
derive a line model which will allow the component decom-
position for all lines in an internally consistent way for all
brightness levels with a minimum number of components.

4.1. Isolating the lines: The power law continuum, the
Balmer continuum and the UV FeII lines

The nuclear continuum emission, as derived above in Sect.
3.1.2, has been applied to the UV spectra, i.e. a variable
power law spectrum, scaled to F (1400 Å), with constant
spectral index α = −0.07 ± 0.02 has been subtracted
from each spectrum. The Balmer continuum (BaC) and
the UV FeII semi-continuum have been allowed for us-
ing the synthetic models by Wills et al. (1985) as ap-
plied by Wamsteker et al. (1985) to the optical, in the
region of Hβλ4861, with a gaussian velocity smoothing of
4000 km s−1. Although no physical conclusions can
be derived from the specific model chosen, the BaC
model is characterized by an effective temperature of
T = 1.7 104 K, and an effective optical depth in the
Balmer limit of τ(3646 Å) = 4. The FeII models used
are characterized by a turbulent velocity of vt = 3
km s−1, and an optical depth in the UV3 multiplet at
2343 Å of τ(2343 Å) = 320. With these theoretical mod-
els a fit to the observed semi-continuum is made between
≈ 1500 − 3800 Å (i.e. the Small Blue Bump), allowing
to isolate the broad lines and to measure their total in-
tensity for each spectrum with some reliability. To es-
tablish the intensity of the BaC we used the photome-
try of Lub & De Ruiter (1992) as an intermediate step.
After subtracting the stellar contribution and the power
law continuum we matched the BaC shape using the
photometry in the L, U , and W bands at respectively
3837 Å, 3623 Å and 3235 Å. At the redshift of F-9,
the L band falls at a rest wavelength of 3668 Å
(3562−3774 Å), essentially free of FeII and centered on the
Balmer limit at 3646 Å. Therefore, we have used the mea-
sured flux at this band to determine the intensity of the
BaC. Subtracting those contributions also from the other
two bands, we have fitted the intensity to the observed
one at 3837 Å. From this we choose from the 12 synthetic
models the model which gave the minimum residual flux
in the U and W bands, because FeII emission in these
bands is minimum. To determine the BaC intensity to
all UV spectra we used the relation found between the
BC(3837 Å) and the interpolated F (1400 Å) (Table 2 and
Fig. 4a):

BaC(3837 Å) = (0.078± 0.002)× F
1400 Å

+

+ (0.167± 0.006) (10−14 erg s−1 cm−2 Å−1)
(8)

with r = 0.76.

This procedure to determine the BaC from the ob-
servations worked very well except when the UV flux
was high, larger than 13 − 15 10−14 erg s−1 cm−2 Å−1.
Above this brightness it was necessary to decrease the
model intensity, because it would rise above the observa-
tions. This suggests that the correlation between BaC and
F (1400 Å) (Eq. 8) does not persist for UV high levels (see
also Fig. 4a, where the three last points (F (1400 Å) > 13
10−14 erg s−1 cm−2 Å−1) are somewhat indeterminate in
this respect). Such dependence of the BaC intensity with
the UV brightness is similar to that shown by the hard
X-rays (Figs. 4a, b). After subtracting the BaC we fit
the selected optimum FeII spectrum to the region be-
tween CIII]λ1909 and MgIIλ2798, adjusting its intensity
to each observed spectrum. After subtracting these contin-
uum components a pure emission line spectrum remains,
where the continuum slope is not any longer a free param-
eter in the line fitting. This process to isolate the emission
lines is illustrated in Figs. 6a-c for three different levels of
the UV brightness. When the UV flux is high (Fig. 6a)
the BaC models matched using Eq. (8) are shown too. It
is clear that the observed 2000−3200 Å intensity becomes
too large. The BaC and the FeII (UV) total intensities are
given in Table 6 and their relation with the UV contin-
uum is shown in Fig. 8. The errors in the BaC intensity
have been calculated from the linear relation (8) and the
UV continuum errors. We find a mean relative error of
13%, similar to the error of 8% obtained for those epochs
when more than one spectrum is available. For the FeII
uncertainty this second method has been used and a mean
relative error of 17% was assumed for the case when only
one observation was available.

4.2. Line variability: Total intensity

Our main purpose with respect to the lines is the study
of the line variability over the profile structure. Some UV
lines, such as CIII]λ1909 and HeIIλ1640, can not be eas-
ily analyzed in this way due to low S/N. Since there are
still only very few quantitative results available addressing
the detailed broad line structure (NGC 3783, Pelat et al.
1981; 3C 390.3, Zheng et al. 1991; NGC 5548, Wamsteker
et al. 1990; Fairall-9, Wamsteker et al. 1985), we also re-
port here the total broad line intensities in Tables 5 and
6. For the lines which have been decomposed, as is the
case for Lyαλ1216, NVλ1240, SiIVλ1397, CIVλ1549 and
MgIIλ2798, we have used the results of the next section
and give in Table 5 the sum of the intensities of the differ-
ent components. This allows us furthermore to measure
strongly blended lines such as Lyαλ1216 and NVλ1240.
We have used the error measure of Rodŕıguez-Pascual
(1989) and Wamsteker et al. (1990). This method assumes
that the component errors are perfectly correlated, and
thus gives an upper limit for the error. The relations be-
tween the UV continuum and the total line intensities are
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Table 5. Total intensities of the UV lines (1)

JD F
1400 Å

Lyαλ1216 NVλ1240 SiIVλ1397 CIVλ1549 MgIIλ2798

-2 443 000 10−14 erg s−1 cm−2 Å−1 10−14 erg s−1 cm−2

677 19.47 ± 1.55 2233 ± 186 298 ± 163 377 ± 158 956 ± 184 171 ± 88
723 29.85 ± 1.98 2819 ± 187 411 ± 148 640 ± 159 1003 ± 212 208 ± 87
891 23.92 ± 1.43 2999 ± 228 402 ± 231 505 ± 155 1025 ± 212 169 ± 108
956 21.79 ± 2.00 3199 ± 158 408 ± 224 561 ± 180 925 ± 232 .............
1414 16.68 ± 3.38 2771 ± 251 329 ± 293 ............. 1048 ± 423 110 ± 173
1448 20.12 ± 1.68 2569 ± 88 256 ± 242 140 ± 241 1090 ± 234 123 ± 132
1605 10.03 ± 0.98 2269 ± 138 351 ± 154 362 ± 144 892 ± 234 230 ± 116
1694 11.76 ± 1.51 2081 ± 131 193 ± 158 ............. 886 ± 184 .............
1757 11.82 ± 0.84 2345 ± 96 234 ± 161 300 ± 98 912 ± 133 174 ± 53
1947 10.76 ± 1.45 2221 ± 98 233 ± 145 228 ± 106 842 ± 139 .............
1957 9.84 ± 1.10 2211 ± 115 225 ± 172 262 ± 112 809 ± 212 177 ± 174
1966 9.58 ± 1.43 1860 ± 182 194 ± 200 127 ± 127 702 ± 166 239 ± 91
2022 10.60 ± 1.19 2322 ± 69 249 ± 199 200 ± 114 829 ± 146 217 ± 138
2026 9.51 ± 1.45 2144 ± 138 286 ± 98 350 ± 190 865 ± 193 .............
2247 7.14 ± 1.45 1849 ± 114 137 ± 122 142 ± 156 769 ± 218 131 ± 264
2251 6.00 ± 1.13 1951 ± 119 256 ± 130 225 ± 133 779 ± 167 .............
2266 7.76 ± 1.52 1784 ± 230 146 ± 35 172 ± 317 875 ± 272 .............
2282 7.99 ± 0.35 1893 ± 77 305 ± 122 246 ± 98 856 ± 106 176 ± 73
2618 2.90 ± 0.51 960 ± 41 121 ± 99 85 ± 75 569 ± 94 182 ± 34
2622 3.46 ± 0.69 969 ± 32 99 ± 76 59 ± 76 544 ± 70 165 ± 32
2819 1.47 ± 1.83 924 ± 157 49 ± 78 159 ± 216 312 ± 257 .............
2943 1.11 ± 0.85 591 ± 96 25 ± 12 ............. 191 ± 130 139 ± 20
2991 1.13 ± 1.13 287 ± 60 19 ± 13 ............. 158 ± 77 .............
2995 0.97 ± 0.56 333 ± 48 41 ± 6 ............. 163 ± 59 64 ± 55
2999 1.62 ± 0.45 429 ± 64 30 ± 12 ............. 253 ± 65 125 ± 18
3003 0.85 ± 0.54 425 ± 29 53 ± 49 73 ± 52 148 ± 76 .............
3272 3.43 ± 0.46 754 ± 64 104 ± 56 117 ± 56 330 ± 77 174 ± 28
3426 2.52 ± 0.62 974 ± 53 120 ± 69 134 ± 79 431 ± 103 210 ± 32
3533 5.78 ± 0.52 953 ± 85 121 ± 55 101 ± 94 515 ± 121 154 ± 27
3542 6.97 ± 1.13 941 ± 73 99 ± 106 134 ± 85 464 ± 110 109 ± 36
3564 8.24 ± 0.73 1138 ± 90 151 ± 114 173 ± 132 473 ± 104 77 ± 53
3654 4.19 ± 0.47 1080 ± 53 134 ± 80 140 ± 58 486 ± 83 .............
3729 6.38 ± 0.65 1113 ± 110 172 ± 77 107 ± 119 497 ± 144 144 ± 49
3731 6.55 ± 0.69 1133 ± 73 180 ± 108 137 ± 99 489 ± 140 143 ± 49
3794 5.31 ± 0.80 1047 ± 83 150 ± 70 133 ± 100 522 ± 117 159 ± 43
3820 8.07 ± 0.62 1229 ± 114 197 ± 94 127 ± 141 557 ± 131 152 ± 41
3924 8.38 ± 1.31 1256 ± 83 154 ± 105 158 ± 105 559 ± 142 171 ± 43
3964 10.70 ± 1.06 1263 ± 86 160 ± 119 107 ± 150 521 ± 149 138 ± 32
4020 8.86 ± 1.00 1458 ± 144 238 ± 82 213 ± 159 440 ± 106 125 ± 41
4381 7.64 ± 0.77 1470 ± 100 203 ± 92 165 ± 128 489 ± 126 125 ± 36
4448 7.82 ± 0.76 1446 ± 119 215 ± 117 239 ± 151 699 ± 121 153 ± 48
4528 9.97 ± 0.88 1135 ± 131 172 ± 76 129 ± 115 508 ± 131 142 ± 44
4656 3.71 ± 0.47 1089 ± 71 183 ± 85 100 ± 80 587 ± 83 165 ± 50
4729 6.33 ± 0.85 1129 ± 79 142 ± 93 75 ± 95 587 ± 121 148 ± 27
5117 8.31 ± 0.93 1538 ± 60 164 ± 116 229 ± 112 648 ± 131 129 ± 44
5219 4.48 ± 0.75 1263 ± 146 201 ± 168 204 ± 121 580 ± 171 151 ± 35
5268 8.72 ± 0.86 1356 ± 102 188 ± 116 219 ± 87 633 ± 140 122 ± 39
5331 6.68 ± 1.18 1239 ± 102 187 ± 108 120 ± 108 629 ± 117 126 ± 30
5540 5.59 ± 0.93 1025 ± 57 144 ± 100 95 ± 96 451 ± 139 142 ± 32
5553 6.16 ± 0.55 1210 ± 48 191 ± 85 164 ± 68 563 ± 79 116 ± 32
5568 6.21 ± 0.98 1128 ± 70 129 ± 98 82 ± 131 609 ± 121 .............
5580 6.48 ± 1.03 1239 ± 52 136 ± 88 199 ± 83 684 ± 113 135 ± 43

shown in Figs. 7 and 8. For HeIIλ1640 and CIII]λ1909,
we have measured the intensity by direct integration over
the line width and the errors correspond to the product
of the integration interval with the rms error of the UV
continuum (because the continuum determination is the
major source of error).

The relations shown in Figs. 7 and 8 display some in-
teresting characteristics:

1. Most high ionization lines (Lyαλ1216, NVλ1240,
SiIVλ1397, CIVλ1549, HeIIλ1640 and CIII]λ1909)
are strongly correlated with the continuum, increas-
ing in intensity with the continuum. The simulta-
neous variation of the continuum with these many

lines of different excitation potentials confirms that
photoionization, by the UV continuum between 13.6
and 77.5 eV, is the main ionization mechanism and
that the continuum at 1400 Å is a direct extension
of it. For CIVλ1549 this relation breaks down at
large continuum brightness (the Wamsteker-Colina ef-
fect; Shields et al. 1995). When the continuum level
is high (> 16 10−14 erg s−1 cm−2 Å−1), CIVλ1549
does not increase any further. Wamsteker & Colina
(1986) suggested this to be caused by the fact that
the emission takes place under matter limited condi-
tions, i.e. optically thin conditions, which have been
discussed recently in more detail by Shields et al.
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Table 6. Total intensities of the UV lines (2)

JD F
1400 Å

HeIIλ1640 CIII]λ1909 Balmer C. FeII (UV)

-2 443 000 10−14 erg s−1 cm−2 Å−1 10−14 erg s−1 cm−2

677 19.47 ± 1.55 278 ± 163 215 ± 109 3455 ± 339 1226 ± 208
723 29.85 ± 1.98 565 ± 208 188 ± 139 2073 ± 185 1226 ± 208
891 23.92 ± 1.43 427 ± 150 280 ± 100 3801 ± 308 1471 ± 250
956 21.79 ± 2.00 ............. ............. ............. .............
1414 16.68 ± 3.38 182 ± 355 170 ± 237 2419 ± 510 1153 ± 172
1448 20.12 ± 1.68 165 ± 176 153 ± 118 2073 ± 211 883 ± 150
1605 10.03 ± 0.98 195 ± 103 145 ± 69 2505 ± 271 1717 ± 292
1694 11.76 ± 1.51 ............. ............. ............. .............
1757 11.82 ± 0.84 228 ± 88 146 ± 59 2871 ± 250 785 ± 49
1947 10.76 ± 1.45 ............. ............. ............. .............
1957 9.84 ± 1.10 211 ± 116 264 ± 77 2466 ± 293 1717 ± 292
1966 9.58 ± 1.43 148 ± 150 277 ± 100 2411 ± 362 1717 ± 292
2022 10.60 ± 1.19 152 ± 125 216 ± 83 2621 ± 320 1226 ± 208
2026 9.51 ± 1.45 ............. ............. ............. .............
2247 7.14 ± 1.45 106 ± 152 195 ± 102 1907 ± 355 1471 ± 250
2251 6.00 ± 1.13 ............. ............. ............. .............
2266 7.76 ± 1.52 ............. ............. ............. .............
2282 7.99 ± 0.35 142 ± 37 120 ± 25 2083 ± 131 834 ± 142
2618 2.90 ± 0.51 42 ± 54 ............. 1036 ± 134 785 ± 49
2622 3.46 ± 0.69 26 ± 72 178 ± 48 1149 ± 176 736 ± 125
2819 1.47 ± 1.83 ............. ............. ............. .............
2943 1.11 ± 0.85 58 ± 89 44 ± 60 669 ± 197 736 ± 125
2991 1.13 ± 1.13 ............. ............. ............. .............
2995 0.97 ± 0.56 23 ± 59 ............. 637 ± 136 245 ± 42
2999 1.62 ± 0.45 15 ± 47 71 ± 32 774 ± 115 490 ± 83
3003 0.85 ± 0.54 ............. ............. ............. .............
3272 3.43 ± 0.46 54 ± 48 57 ± 32 1144 ± 129 1153 ± 172
3426 2.52 ± 0.62 93 ± 65 32 ± 43 958 ± 155 1275 ± 49
3533 5.78 ± 0.52 126 ± 55 62 ± 36 1629 ± 152 883 ± 150
3542 6.97 ± 1.13 97 ± 119 118 ± 79 1873 ± 283 736 ± 125
3564 8.24 ± 0.73 106 ± 77 54 ± 51 2135 ± 209 883 ± 150
3654 4.19 ± 0.47 ............. ............. ............. .............
3729 6.38 ± 0.65 222 ± 68 126 ± 46 1752 ± 184 1226 ± 208
3731 6.55 ± 0.69 144 ± 72 74 ± 48 1787 ± 195 1226 ± 208
3794 5.31 ± 0.80 114 ± 84 95 ± 56 1532 ± 208 1349 ± 71
3820 8.07 ± 0.62 172 ± 65 83 ± 43 2101 ± 187 1226 ± 208
3924 8.38 ± 1.31 136 ± 138 178 ± 92 2164 ± 331 736 ± 125
3964 10.70 ± 1.06 182 ± 111 65 ± 74 2644 ± 294 392 ± 67
4020 8.86 ± 1.00 388 ± 105 220 ± 70 2261 ± 267 1226 ± 208
4381 7.64 ± 0.77 186 ± 81 145 ± 54 2012 ± 215 883 ± 150
4448 7.82 ± 0.76 145 ± 80 199 ± 53 2052 ± 213 883 ± 150
4528 9.97 ± 0.88 89 ± 92 128 ± 62 1037 ± 104 490 ± 83
4656 3.71 ± 0.47 64 ± 49 188 ± 33 1203 ± 130 1349 ± 123
4729 6.33 ± 0.85 54 ± 89 153 ± 60 1742 ± 219 932 ± 294
5117 8.31 ± 0.93 186 ± 98 244 ± 65 2130 ± 251 981 ± 167
5219 4.48 ± 0.75 190 ± 79 158 ± 53 1362 ± 195 1471 ± 250
5268 8.72 ± 0.86 217 ± 90 149 ± 60 2235 ± 239 490 ± 83
5331 6.68 ± 1.18 126 ± 124 259 ± 83 1815 ± 294 981 ± 167
5540 5.59 ± 0.93 77 ± 98 145 ± 65 1590 ± 235 766 ± 41
5553 6.16 ± 0.55 129 ± 58 151 ± 39 1708 ± 162 736 ± 125
5568 6.21 ± 0.98 ............. ............. ............. .............
5580 6.48 ± 1.03 128 ± 108 150 ± 72 1773 ± 262 736 ± 125

Table 7. Variations amplitudes of the lines and components intensities

Rmax NV HeII CIV SiIV CIII] Lyα MgII Balmer C.
Total int. 22 ± 17 40 ± 120 7 ± 4 9 ± 7 9 ± 12 11 ± 2 – 6 ± 1

Central int. – – 10 ± 3 9 ± 5 – 20 ± 4 4 ± 1 –
Red int. 5 ± 5 – 7 ± 6 6 ± 4 – 19 ± 7 – –
Blue int. – – 6 ± 3 8 ± 10 – 14 ± 11 – –

Ionization
77.5 54.4 48 33.5 24.4 13.6 8 –

Potential (eV)

NOTE: Rmax is the ratio between the maximun and minimun intensity. There is no clear dependence between the amplitudes and the lines ionization
potential.
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Fig. 6. a) Fit to the UV continuum with a power law, Balmer
continuum and the FeII model for a spectrum at high UV level.
Upper panel: Observed spectrum with the power-law contin-
uum, corrected for extinction. Middle panel: Spectrum after
subtraction of the power law continuum; the Balmer contin-
uum model is also shown. The dotted line shows the model
obtained from the application of Eq. (8) at high levels; the
actually applied model for the high UV levels is shown as a
full drawn line. Bottom panel: Spectrum after subtraction of
the power-law continuum and the Balmer continuum, together
with the FeII model used (solid line)

(1995). The amplitude of the line intensity variations
(Table 7) does not show significant differences be-
tween the lines. Clavel et al. (1989) found from the
CCFs for Lyαλ1216 and CIVλ1549 delays of 115±70
and 200 ± 80 days, respectively, very similar within
the errors, suggesting only limited stratification of the
BLR. On the other hand the difference in line response
characteristics seen in Fig. 7 and the Wamsteker-
Colina effect may hide a real stratification. Koratkar
& Gaskell (1989) obtain for CIVλ1549 a delay of
124 ± 39 days and Lub & De Ruiter (1992) estimate
for Lyαλ1216 and CIVλ1549 a delay of 220±140 days
with respect to the optical continuum in the B band
(4298 Å). Attempts to determine the transfer func-
tion (TF) through detailed Echo-mapping using both
MEMECHO (Horne et al. 1991) as well as the
Regularization method (Vio et al. 1994), do indicate
the presence of two peaks in the TF for Lyαλ1216: a
primary peak at 100 days and a secondary peak at 380
days. No response is indicated at zero delay. These
results are, however, rather unstable and could eas-

Fig. 6. b) Fit to the UV continuum with a power law, Balmer
continuum and the FeII model for a spectrum at intermediate
UV level. Upper panel: Observed spectrum with the power-law
continuum, corrected for extinction. Middle panel: Spectrum
after subtraction of the power law continuum; the Balmer con-
tinuum model is also shown. The full drawn line shows the
model obtained from the application of Eq. (8). Bottom panel:
Spectrum after subtraction of the power-law continuum and
the Balmer continuum, together with the FeII model used
(solid line)

ily be the consequence of non-linear response of both
CIVλ1549 and Lyαλ1216 to the variations in the ion-
izing flux. This appears to be confirmed by the fact
that the TF for Lyαλ1216 and CIVλ1549 are essen-
tially mutually exclusive, and no acceptable continuum
lightcurve can reproduce the line lightcurves unless the
linear response condition is released.

2. The lower ionization emission lines such as MgIIλ2798
and FeII show, if any, a weak correlation with the con-
tinuum for F

1400 Å
< 6 10−14 erg s−1 cm−2 Å−1. At

higher continuum levels they are constant. This can be
understood if these lines originate in the inner BLR,
where only hard X-rays with energy > 100 eV can pen-
etrate. Although the sampling of the X-ray data is lim-
ited, the results shown in Fig. 4b suggest the existence
of a similar cutoff in the F

1400 Å
vs. F2−10 keV rela-

tion, strongly suggesting that direct X-ray heating is
indeed the dominant mechanism for these lines. Clavel
et al. (1989) and Koratkar & Gaskell (1989) found from
CCF analysis delays of 160± 90 days for MgIIλ2798
and 167 ± 61 days for Lyαλ1216 and CIVλ1549 with
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Fig. 6. c) Fit to the UV continuum with a power law, Balmer
continuum and the FeII model for a spectrum at low UV level.
Upper panel: Observed spectrum with the power-law contin-
uum, corrected for extinction. Middle panel: Spectrum after
subtraction of the power law continuum; the Balmer continuum
model is also shown. Bottom panel: Spectrum after subtrac-
tion of the power-law continuum and the Balmer continuum,
together with the FeII model used (solid line)

Fig. 7. Total intensities of the UV lines versus F (1400 Å) (1)

Fig. 8. Total intensities of the UV lines versus F (1400 Å) (2)

respect to the UV continuum. Lub & De Ruiter (1992)
estimate the MgII delay at 330±140 days with respect
to the optical continuum.

3. The BaC shows a very tight correlation with the UV
continuum, which also appears to break down, sim-
ilarly to CIVλ1549, at continuum brightness above
F

1400 Å
> 16 10−14 erg s−1 cm−2 Å−1. This could be

understood in similar terms as for the low ionization
lines except for the fact that a substancial part of the
BaC emitting region is presumably heated by the lower
energy part of the continuum just beyond the Lyman
limit. As a consequence, the BaC can continue to re-
spond to the increase in the UV brightness beyond
levels shown by the low ionization lines.

The average line ratios for the strongest lines are given
in Table 8. The optical lines ratios have been calculated
from the observed intensities by Lub & De Ruiter (1992),
with the UV values interpolated as before, to determine
values simultaneous to the optical data. Wills et al. (1985)
obtain for their sample of Seyfert 1 galaxies a value of FeII
(total = OP + UV)/MgIIλ2798 ≈ 8, similar to our result
of FeII (UV)/MgII = 7 ± 2 (in our case the optical multi-
plets have not been summmed; see Table 8). These authors
explain this large value by an overabundance of Fe, by a
factor of ≈ 3 with respect to the cosmic abundance.

4.3. Variability in the line profile

4.3.1. Profile decomposition

We have applied the difference method to this homoge-
neous set of spectra over a long temporal interval and
large variability to isolate the variable components in
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Table 8. Observed lines ratios and comparation with the theoretical prediction by Kwan & Krolik (1981)

Observed theoretical value Depending Implications
Ratio mean value (Kwan and Krolik) parameters of the Notes

observed value

Lyαλ1216/NVλ1240 9 ± 3 12.5 U U ≥ 0.03 ......
Lyαλ1216/SiIVλ1397 9 ± 3 ≈10 ... ...... Good agreement

α Index similar to

Lyαλ1216/HeIIλ1640 12 ± 7 ≈(3×4−α) (between α ≈ −1 the observed one
13.6 and αUV−X = −1.15 or -1.38
300 eV) (Sect. 3.2.5)

Presence

CIII]λ1909/CIVλ1549 0.24 ± 0.09 0.20 Ne Ne ≤ 4 109 cm−3 of CIII] ⇒
Ne < 3.98 109 cm−3

Ncol Ncol > 1023 cm−2 Adequate solution

Lyαλ1216/C.Balmer 0.8 ± 0.2 2.3 Ne (Ne > 4 109 cm−3) Incomp. CIII]/CIV
αX (αX > −0.5) Incomp. αX(obs)= −0.96

1.3
FeII UV/MgIIλ2798 7 ± 2 taking ... ...... See text

FeII(OP+UV)
10 ± 4

Lyαλ1216/MgIIλ2798 vary 6 ... ...... ......
between 3 y 25

1.5 ± 0.7
Lyαλ1216/FeII UV vary ... ... ...... See text

between 0.7 y 3.2
2.3 ± 0.4 α13.6−300 eV ......

Lyαλ1216/CIVλ1549 vary 1.6 U (U < 0.03) Incomp. Lyα/NV
between 1.7 y 3.5

Hαλ6563/Hβλ4861 6 ± 2 4.16 Ne Ne ≤4 109 cm−3 ......
HeIλ5876/Hβλ4861 0.35 ± 0.07 0.09 U U > 0.03 Adequate solution

Ne (Ne >4 109 cm−3) Incomp. Hα/Hβ

Ncol Ncol >1023 cm−2 Adequate solution

FeIIλ4570/Hβλ4861 0.8 ± 0.4 0.21 Ne (Ne > 4 109 cm−3) Incomp. Hα/Hβ
αX (αX > −0.5) Incomp. αrmX(obs)=-0.96

Lyαλ1216/Hβλ4861 26 ± 4 10.4 αX αX < −0.5 Comp. αX(obs)=-0.96

Ncol (Ncol < 1023 cm−2) Incomp. other ratios

MgIIλ2798/Hβλ4861 4 ± 3 1.75 Ncol Ncol ≥ 1023 cm−2 ......

Ncol Ncol > 1023 cm−2 Adequate solution

C.Balmer/Hβλ4861 35 ± 8 4.56 Ne (Ne > 4 109 cm−3) Incomp. other ratios
αX (αX > −0.5) Incomp. αX(obs)= −0.96

NOTE: For the ratios sensitive to several parameters it is enough that some of the marked implications be verified. The rejected implications due
to their imcompatibility with other ratios are showed between round brackects.

the emission lines. This method has been first applied
by Wamsteker et al. (1990) to the UV and optical spec-
tra of NGC 5548 and has here been used for Lyαλ1216,
CIVλ1549, SiIVλ1397 and MgIIλ2798. With only four
components, all line profiles of F-9 could be described over
the whole brightness range. These four basic components
are identified in Table 9. From a large set of subtracted
spectra we determine the average of the FWHM , position
(= central wavelength) and the height of each component.
These are introduced as input parameters in the total pro-
file fit. Similarly to Wamsteker et al. (1990), we repre-
sent the components as gaussians. This procedure makes
it also possible to measure some of the highly blended
lines by introducing the blends as individual components
in an overall line fit. For example the Lyαλ1216-NVλ1240
blend must be fitted together in the Lyαλ1216 region, to
account for the NVλ1240 presence (one narrow and one
red component). In CIVλ1549, a very weak component at
λ = 1491 Å is most likely associated with NIV]λ1486.

The fitting with χ2minimization (the ESO-IHAP pro-
cedures have been used) proceeded in two phases: first, the
width and the position are fixed, allowing only the height
to vary. After this fit has converged, position and FWHM
are released to assure that the solution remains stable in
these two parameters as well. To illustrate the results of
the gaussian fitting to the data with the line model of
Table 9, we show in Fig. 9 the results for Lyαλ1216 and
CIVλ1549 at three different levels of brightness. The broad
emission lines show the following components structure: a
narrow component with FWHM ≈ 1700 km s−1 (unre-
solved), a central broad component at the same velocity
as the narrow line with FWHM ≈ 3600 km s−1, a broad
red component with FWHM ≈ 5800 km s−1 and relative
velocity of ≈ 3300 km s−1, and a broad blue component
with FWHM ≈ 5900 km s−1 and a relative velocity of
≈ −3600 km s−1. The intensities in the different line com-
ponents are given in Tables 10, 11, 12 and 13 for Lyαλ1216
(with NVλ1240), SiIVλ1397, CIVλ1549 and MgIIλ2798,
respectively. The errors are calculated as described by
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Table 9. Profiles components of the UV lines

Components Characteristics Lyαλ1216 NVλ1240 CIVλ1549 SiIVλ1397 MgIIλ2798

Width (km/s) 1726 ± 260 1916 ± 322 1692 ± 306 1165 ± 641 1365 ± 380
Narrow

Rel. vel. (km/s) 0 0 0 0 0

Width (km/s) 3672 ± 384 3617 ± 399 3534 ± 560 3564 ± 545
Central .............

Rel. vel. (km/s) 47 ± 236 -18 ± 278 -266 ± 1186 174 ± 389

Width (km/s) 5905 ± 442 4534 ± 965 5766 ± 1109 6684 ± 1475 5883 ± 1354
Red

Rel. vel. (km/s) 3280 ± 354 3814 ± 486 2979 ± 611 3498 ± 1821 3146 ± 738

Width (km/s) 6597 ± 903 5731 ± 936 6105 ± 1304 5306 ± 846
Blue .............

Rel. vel. (km/s) -3940 ± 590 -3738 ± 611 -3641 ± 1493 -3238 ± 912

Width (km/s) 3561 ± 903
Others ............. ............. ............. .............

Rel. vel. (km/s) -11178 ± 851

Rodŕıguez-Pascual (1989) and Wamsteker et al. (1990)
using the errors in the total line intensity. The relative
errors in the total intensity are for Lyαλ1216, CIVλ1549,
MgIIλ2798, NVλ1240 and SiIVλ1397 8%, 26%, 44%, 63%
and 85%, respectively.

4.3.2. The narrow component

The width of the narrow lines is defined by the resolu-
tion of IUE at a FWHM of ≈ 1700 km s−1 (Table 9).
The fractional contribution of the narrow line to the total
line intensity is at 23, 17, 11, 52 and 1% for Lyαλ1216,
CIVλ1549, MgIIλ2798, NVλ1240 and SiIVλ1397, respec-
tively. Although the narrow lines do not show a clear
relation with F

1400 Å
, the results do not suggest a pure

scatter diagram, but over the time interval of the UV
observations no systematic behavior could be identified
(see Fig. 10). The average intensity ratios for the different
narrow components of the lines are Lyαλ1216/NVλ1240
≈ 3, Lyαλ1216/SiIVλ1397 ≈ 19, Lyαλ1216/CIVλ1549
≈ 3 and Lyαλ1216/MgIIλ2798 ≈ 18 (with large errors
due to the large dispersion in the data).

The line decomposition of Hβλ4861 by Wamsteker et
al. (1985) showed that the intrinsic narrow line width
is 670 km s−1. Even so the ratio Lyαλ1216/Hβλ4861 is
≈ 69, two times higher than the Case B of recombi-
nation, but similar to the obtained one by Ferland &
Osterbrock (1986) with their Seyfert 2 galaxies sample
(Lyαλ1216/Hβλ4861 (intrinsic) ≈ 55). They explain this
as due to the fact that the NLR is photo-ionized by a hard
optical-X-rays continuum (αo−x ≈ −1.4, although also in
their data a resolution effect can not be excluded. Our
observations (Sect. 3.2.5) also suggest a hard UV-X-rays
spectral index, αUV−x ≈ −1.15 or −1.38.

4.3.3. The central component

This component (Table 9) has an average velocity re-
spect to the narrow line of ≈ 0, while its mean FWHM

is ≈ 3600 km s−1. Its contribution to the total inten-
sity is respectively 32, 38, 48 and 39% for Lyαλ1216,
CIVλ1549, MgIIλ2798 and SiIVλ1397. Its behavior with
respect to the UV continuum (Fig. 10) shows that
all the lines correlate with F

1400 Å
, though CIVλ1549

stops increasing at higher levels of continuum (> 10
10−14 erg s−1 cm−2 Å−1). As seen in Fig. 11, Lyαλ1216
and CIVλ1549 appear to show a looping behavior in line
vs. continuum flux diagram, strongly suggesting delay
with respect to the continuum (in the Lyαλ1216 figure
the time sense has been indicated by an arrow). The am-
plitudes of the central component for the different lines is
given in Table 7.

In Fig. 12 (see also Table 14), we present the CCF
(Gaskell & Peterson 1987) and the Discrete Correlation
Function (DCF ; Edelson & Krolik 1988) for the central
components with respect to the UV continuum are shown.
For the DCF calculus we have chosen an interval between
points of 100 days, according to the mean interval be-
tween two consecutive observations (96 days). Although
with this interval the DCF is noisy, it has the advan-
tage that the time resolution in the data is not degraded.
For the CCF we indicate the peak (with its error cal-
culated as Gaskell & Peterson 1987) and the centroid of
the function, calculated as the average of the positive and
negative HWHM. The peak of the CCF seems to be more
influenced by the response of the gas nearer the source
(Robinson & Pérez 1990; Pérez et al. 1992), while the
centroid seems to indicate the radius where the radiation
is larger (Koratkar & Gaskell 1991). For the DCF the de-
lay of the maximum point is given, more compatible with
the center of the CCF than with the peak. There are no
significant differences between the delays of the CCF cen-
ters for Lyαλ1216, CIVλ1549, SiIVλ1397 and MgIIλ2798,
so that an averaged delay is 400 ± 100 days (average er-
ror). This is consistent with the averaged delay derived
from the DCF of 450±175 days and both values are very
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Fig. 9. This figure shows the components and total fit to
Lyαλ1216 and CIVλ1549 for three different brightness lev-
els of the UV continuum (high = 28 − 8 − 78; intermediate
= 30− 8− 81; and low = 29− 10− 84)

similar to the delay found for the region of hot dust emis-
sion of 400± 100 days by Clavel et al. (1989).

The line ratios for the central components for
Lyαλ1216/CIVλ1549, Lyαλ1216/MgIIλ2798 as well as
Lyαλ1216/SiIVλ1397 appear to show a slight increase
with the UV continuum (Fig. 18). The mean ratios are
2.0 ± 0.8, 8 ± 4 and 6 ± 3, respectively. This cen-
tral component is also present in the Hβλ4861 profile
decomposition (Wamsteker et al. 1985), with a
FWHM = 3730 km s−1 and a relative velocity
with respect to the narrow line of +130 km s−1.
Interpolating in Lyαλ1216 to obtain simultaneous val-
ues with the Hβλ4861 central component a mean ra-
tio Lyαλ1216/Hβλ4861 ≈ 13 − 15 is obtained. Lub &
De Ruiter’s (1992) optical study do not decompose the
Balmer lines, on the other hand they find a strong depen-
dence of the delay versus the B continuum (at 4298 Å),
obtaining ≈ 400 for Hαλ6563, 270±150 for Hβλ4861 and
100±120 days for Hγλ4340. Note that this central compo-
nent could not be discriminated in the lines of HeIIλ1640
and NVλ1240 suggesting that this component is much
weaker for these two high ionization lines.

Fig. 10. Intensities of the narrow components of the strong
emission lines versus the UV continuum brightness at 1400 Å

Fig. 11. Intensities of the central components (see Table 9)
versus the UV continuum at 1400 Å. The arrow in the box
for Lyαλ1216 (upper left) indicates the direction of time along
the points connected by the dotted lines for Lyαλ1216 and
CIVλ1549
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Fig. 12. Correlation functions for the central com-
ponent. Solid line: Cross Correlation Function (CCF).
Points and error bars : Discrete Correlation Function (DCF).
Dotted line: Autocorrelation Function (ACF) for the UV con-
tinuum at 1400 Å

4.3.4. The red component

The red component with a FWHM of ≈ 5800 km s−1

shows a velocity with respect to the narrow line of
≈ +3300 km s−1 (Table 9). It contributes to the to-
tal intensity with 26, 17, 24, 48 and 34% for Lyαλ1216,
CIVλ1549, MgIIλ2798, NVλ1240 and SiIVλ1397, respec-
tively, somewhat less than the fractional contribution of
the central component. The intensity of the red compo-
nent is very tightly correlated with the UV continuum
(Fig. 13) for most of the lines, except MgIIλ2798, which
does not appear to respond to the UV continuum. At the
time resolution in our data (96 days), no indication of de-
lay is suggested for any of the high excitation lines. The
amplitude of the variations (Table 7) are the same within
the errors for all high excitation lines.

The correlation functions between the several red com-
ponents and the UV continuum are given in Table 14 and
shown in Fig. 14. For all lines (except MgIIλ2798) the
CCF peak indicate a mean delay of −4 ± 70 days indi-
cating no delay at the resolution available in the sampling
and consistent with the absence of delay indicated by the
DCF . Since for CIV, SiIV and NV the red component
disappears completely when the continuum is weak, the
center of CCF is the only meaningful parameter for the
delay determinations. At very low levels no line compo-

nent flux can be determined and the lightcurves of the
continuum and the line become very unequally sampled,
completely distorting the extremes of the CCF . Therefore
the centroid of the CCF , at ≈ −200 days, becomes solely
a representation of the incompleteness of the light curve
sampling and has no physical meaning. On the other hand,
this component is the only one for which a statistically
significant TF could be determined. The TF shows an un-
resolved peak at zero days delay and no additional side
lobes at larger delays as seen in the full line intensities
(see also Sect. 4.2). The resulting Echo Map was fully
consistent in the reproduction of the continuum lightcurve
and was statistically quite stable. Although the errors are
large, a weak correlation for the red component line ra-
tios of Lyαλ1216/CIVλ1549 and Lyαλ1216/MgIIλ2798
is clearly present at lower levels of the UV continuum
brightness (Fig. 20), again appearing to flatten at levels
above> 15 10−14 erg s−1 cm−2 Å−1. The mean values are
Lyα/CIV = 4 ± 2, Lyα/NV = 4 ± 1, Lyα/SiIV = 5 ± 2
and Lyα/MgII = 10± 6.

4.3.5. The blue component

The blue component has a mean FWHM of
≈ 5900 km s−1 and a velocity with respect to the nar-
row line of ≈ −3600 km s−1. Its contribution to the total
intensity is 19, 23, 17 and 26% for Lyαλ1216, CIVλ1549,
MgIIλ2798 and SiIVλ1397, respectively, generally lower
than the red component. The intensity correlation with
the UV continuum (Fig. 15) is intermediate between the
red and the central component for all lines but MgIIλ2798
which is constant. It does not correlate as directly with the
UV continuum as the red component but it does not show
the strong loops shown by the central component. The
amplitude of its variations (Table 7) does not vary signif-
icantly between Lyαλ1216, CIVλ1549 and SiIVλ1397.

The correlation functions for blue component with the
UV continuum are shown in Fig. 16 and given in Table 14.
The correlation functions for the blue component are sig-
nificantly different from those for both the red and central
components and consistent between the CCF , for which
the center measure gives a mean delay of 230 ± 95 days,
and the DCF , which results in a delay of 200 days
(Fig. 16).

For the blue component the line ratios (Fig. 19) show a
strong correlation with the continuum for both Lyα/CIV
and Lyα/MgII, while Lyα/SiIV keeps constant within the
errors. The mean values are 2± 1 for Lyα/CIV, 5± 2 for
Lyα/MgII and 10±8 for Lyα/SiIV. The Hβλ4861 decom-
position by Wamsteker et al. (1985) required a very broad
component (of FWHM = 9220 km s−1 and velocity re-
spect to the narrow line of −1710 km s−1). Depending
on the line ratios of the red and blue component iden-
tified in the UV spectra with respect to Hβλ4861 it is
quite probable that this is essentially the optical counter-
part of these two components in the UV lines. A similar
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result was also found for the line decomposition applied
to the simultaneous UV and optical spectra of NGC 5548
(Wamsteker et al. 1990), where a very broad component
clearly present in the UV was only marginally detectable
in the Hβλ4861 profile. Lub & De Ruiter (1992) also ob-
tain a very broad and variable component in Hαλ6563 and
Hβλ4861, in order to explain the different delays shown
for these lines with respect to the optical variable contin-
uum of ≈ 400 days for Hαλ6563 and 270 ± 150 days for
Hβλ4861. For the blue component also no solution could
be obtained for the transfer function at a reasonable level
of significance, most likely also associated with the non-
linearity in the line response as was the case for the central
component.

Fig. 13. Intensities of the red components (see Table 9) versus
the UV continuum at 1400 Å

5. Physical conditions of the gas: Photoionization
models

The strong correlations obtained between the intensity of
the different broad components and the UV flux, confirms
that the main excitation mechanism of the gas is photo-
ionization by a central source. To obtain better insight in
the physical conditions and the spatial relations of these
parts of the BLR which appear to constitute separate
regions, we have made separate photo-ionization calcu-
lations for each of the regions to compare with the results
described in the previous section.

Fig. 14. Correlation Functions for the red component (see
also Table 14). Solid line: Cross Correlation Function (CCF).
Points and error bars: Discrete Correlation Function (DCF).
Dotted line: Autocorrelation Function (ACF) for the UV con-
tinuum at 1400 Å

Fig. 15. Intensities of the blue components versus the UV
continuum at 1400 Å
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Fig. 16. Correlation functions for the blue components (see
Table 14). Solid line: Cross Correlation Function (CCF).
Points and error bars: Discrete Correlation Function (DCF).
Dotted line: Autocorrelation Function (ACF) for the UV con-
tinuum at 1400 Å

We used the photo-ionization code CLOUDY (Ferland
1991: CLOUDY 80.06). The initial parameters needed by
CLOUDY are: the shape and intensity of the incident
continuum (14 < log ν < 20), the chemical composi-
tion, the distribution of the gas (radial extension and the
run of density with radius) and the covering factor. We
have assumed solar composition, an open (small radiative
covering factor) spherical geometry and constant density.
For the ionizing continuum we have used the observed
continuum derived in Sect. 3.3 at four levels of bright-
ness (Fig. 5), corresponding to the F (1400 Å) of 23.27
(high), 10.04 (high-intermediate), 3.78 (low-intermediate)
and 1.31 10−14 erg s−1 cm−2 Å−1(low), respectively. To
connect the frequency gap between the Radio and the FIR
range, linear interpolation has been used. To account for
the big blue bump, the optical-UV continuum has been
parametrized with a power law Fν = F0×ν−0.07×e−ν/νcut,
fitting F0 to the observed F (1400 Å) for each level. The
cut-off energy is a critical factor in the input spectrum.
Clavel et al. (1990) and Binette et al. (1989) suggested
0.83 and 0.73 ryd, respectively, based on photoionization
models for Fairall-9. The simultaneous observation with
IUE, ROSAT and GINGA (Fig. 5c) shows however that
such a cut-off frequency does not correspond with the ob-
served instantaneous spectrum of Fairall-9. Although it
might be possible that the spectrum incident on the BLR

is different from that which we observe, at this stage we
have no convincing arguments to apply a spectrum differ-
ent from the observed one. Then, a considerably slower
drop off is indicated and a cut-off at 3.5 ryd as shown in
Fig. 17 was applied. In the X-rays and higher frequencies
we used a power law similar to the UV-optical one, with
a spectral index α = −0.96 and an arbitrary cut-off at
0.1 MeV (consistent with the γ ray observations of other
Seyfert 1 nuclei with CGRO). The constant was defined
by the observed integrated flux at 2−10 keV. To bring all
in an absolute scale we used H0 = 100 km s−1 Mpc−1 and
all fluxes have been corrected for redshift with z = 0.0461.
We have calculated models with a range of total hydrogen
density of the gas, n, between 107 and 1012 cm−3 and for
the total hydrogen column density, Ncol, a range between
1021−1026 cm−2. The inner radius of the gas cloud, r, was
chosen over a range from 50 to 600 light-days, consistent
with the delays obtained for the BLR line components
with respect to the UV continuum derived in Sect. 4.3.

With these initial conditions many models have been
calculated, obtaining from them the line luminosity for
a geometric covering factor of 1 (Ω/4π = 1). Comparing
the results of the models for this value of Ω/4π with the
observed luminosities, the real covering factor can be ob-
tained. The ionization parameter, U , is determined from
the incident continuum luminosity, the density and the
distance assumed for each model. So, comparing the rela-
tive intensities of the lines obtained from the models with
the observed ones, the best fitting model can be found.

5.1. Comparison with the observations

To compare the models and the observations we
have used the observed line ratios for the compo-
nents for Lyαλ1216/CIVλ1549, Lyαλ1216/SiIVλ1397
and Lyαλ1216/MgIIλ2798, imposing that one single
model fits all three line ratios, at all brightness levels
of the continuum. Since the results for all models with
Ncol = 1025 and 1026 cm−2 are the same, we only con-
sider the first. The conclusions for each broad component
are:

5.1.1. The central component

The three line ratios are well described by models
with the following characteristics distance (light-days);
Ncol (cm−2); n (cm−3):
50− 1025− 1012; 100− 1025− 1011; 150− 1024−25− 1010;
200− 1025 − 1010; 250− 1024−25− 1010.
The results for these best fitting models are shown in
Fig. 18. Since Lyα/CIV is nearly independent of the dis-
tance, also models with inner radius up to 600 light-days
could be allowed too, but at these distances the other two
ratios are too large at some continuum levels, restrict-
ing the distance range to 50 − 250 light-days. We see
that all models are consistent with the observed values of
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Fig. 17. Fit to the simultaneous observation
IUE-ROSAT-GINGA. Solid line: Observation (between the
UV continuum and the J band α = −0.07 has been used).
Dotted line: Fit with a cut-off energy of 3.5 rydberg used as
input for the photoionization models. Scratched line: SED with
a 0.63 rydberg cut-off energy. It is clear from these simultane-
ous observations that the 0.73 − 0.83 rydberg cut-off energy
proposed by Binette et al. (1989) and Clavel & Santos-Lleó
(1990) is incompatible with the data

Lyα/SiIV and Lyα/MgII, but underestimate Lyα/CIV,
at bright continuum levels, since they converge to 1. The
mean ratio of Lyα/Hβ, which increases with distance, for
distances of 50, 100, 150, 200 and 250 light-days is, respec-
tively, 12.6, 17.0, 21.7, 26.1 and 36.1. The ratio Lyα/Hβ
for the central component estimated from the data of
Wamsteker et al. (1985) is ≈ 13 (Sect. 4.3.3), correspond-
ing to models with radius of 50 and 100 light-days.

We show in Fig. 21 a comparison between the spec-
trum derived from the models and the individual line com-
ponents with the observed mean spectrum. The mean -
emission lines only- spectrum shown in Fig. 21 has been
corrected by z = 0.0461 and corresponds to an observed
F (1400 Å) of ≈ 8.5 10−14 erg s−1 cm−2 Å−1 and to a
Lyα central component luminosity of logL (erg s−1) =
43.030. The comparison in Fig. 21 is thus for an high-
intermediate level of the continuum, with an observed
value F (1400 Å) = 10.04 10−14 erg s−1 cm−2 Å−1. For
this level the models give U = 0.003, 0.009, 0.039, 0.022
and 0.014 and corresponding covering factors of 12%, 5%,
4%, 4% and 3% for distances of 50, 100, 150, 200 and 250
light-days, respectively. These model spectra are similar,
except perhaps the 50 light-days model, which produces
a weak CIIλ1335, which is not observed. The SiIVλ1397

Fig. 18. Line ratios for the central component and the cor-
responding photoionization models. The different models are
drawn with several types of lines over the observed ratios: dis-
tance (light-days) − Ncol (cm−2)−n (cm−3) = 50−1025−1012

(– – –), 100 − 1025 − 1011 (· – · –), 150 − 1024−25 − 1010

(· · · ·), 200− 1025 − 1010 (· · · – · · ·) and 250− 1024−25 − 1010

(—)

and HeIIλ1640 intensities are somewhat higher than ob-
served. In Fig. 21a we show the mean spectrum together
with the model of the central component for 100 light-
days, Ncol = 1025 cm−2 and n = 1011 cm−3 model. The
photoionization models with CLOUDY confine the region
where the central component is produced to a distance
from the ionizing source of 50−250 light-days, with a col-
umn density of Ncol = 1024−26 cm−2, an hydrogen density
of 1012−10 cm−3 and a covering factor of 12− 3%, with U
between 0.003 and 0.039 (Table 14). The distance derived
from the models is thus consistent with the lower end of
the range derived from the delay of this component with
respect to the UV continuum, 400± 100 light-days.

5.1.2. The blue component

The acceptable models for the observed ratios of this com-
ponent are similar in their parameters range to the central
component ones. They are characterized by (as above in
Sect. 5.1.1):
50 − 1023−24−25− 1011; 100 − 1023−24−25− 1010 ; 150 −
1023−24−25 − 1010; 200 − 1023−24−25 − 1010 and 250 −
1023−24−25− 1010.
Larger distances are excluded because they result in a
too high Lyα/SiIV ratio. The results for these models
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Table 14. Resulting parameters for the broad components

A) CENTRAL COMPONENT:
1. Correlation functions: Delays with respect to F(1400 Å):

CCF DCF
LINES Peak Center Peak (interval = 100 days)

Lyαλ1216 212 ± 90 368 ± 90 500
CIVλ1549 552 ± 90 500 ± 90 500
SiIVλ1397 196 ± 75 236 ± 75 200
MgIIλ2798 -28 ± 150 482 ± 150 600

2. Photoionization models: Distance=50-250 light-days.

Ncol = 1024−26 cm−2. n = 1012−10 cm−3

Covering fac. = 12-3%. U = 0.003− 0.039.
3. Reverberation analysis: Non-linearity in the response suggested.

B) RED COMPONENT:
1. Correlation functions: Delays with respect to F(1400 Å):

CCF DCF
LINES Peak Center Peak (interval = 100 days)

Lyαλ1216 -4 ± 70 -20 ± 70 0
CIVλ1549 -16 ± 70 -208 ± 70∗ 0
SiIVλ1397 -12 ± 70 -222 ± 70∗ 0
MgIIλ2798 Not significant Not significant
NVλ1240 16 ± 65 -192 ± 65∗ 200,0,-200

2. Photoionization models: Distance=50-250 light-days.

Ncol = 1024−26 cm−2. n = 1011−10 cm−3.
Covering fac. = 6-3%. U = 0.009− 0.039.

3. Reverberation analysis:Linear response suggested; Echo Map strongly peaked at zero delay without secondary peaks.

C) BLUE COMPONENT:
1. Correlation functions: Delays with respect to F(1400 Å):

CCF DCF
LINES Peak Center Peak (interval = 100 days)

Lyαλ1216 84 ± 80 204 ± 80 200
CIVλ1549 104 ± 100 370 ± 100 200
SiIVλ1397 -8 ± 100 120 ± 100 -200,0,200
MgIIλ2798 Not significant Not significant

2. Photoionization models: Distance=50-250 light-days.

Ncol = 1023−26 cm−2. n = 1011−10 cm−3.
Covering fac. = 5-2%. U = 0.089− 0.014.

3. Reverberation analysis: Non-linearity in the response suggested.

∗= These negative delays are due to the fact that the red component of the lines become too weak to measure when the UV continuum is very
weak. With the uneven brightness distribution in the data set used here (Fig. 1), this maintains the peak value of the CCF , but introduces a strong
asymmetry in the CCF shape (see Fig. 14).

are shown with the observed ratios in Fig. 19. Similarly
to the central component, all models reproduce the ob-
served Lyαλ1216/SiIVλ1397 and Lyαλ1216/MgIIλ2798
ratios very well, but underestimate Lyαλ1216/CIVλ1549.
The mean spectrum has in the blue component a Lyα
luminosity of logL(erg s−1) = 42.833. For the compara-
ble high-intermediate level of the continuum, the mod-
els have U = 0.035, 0.089, 0.039, 0.022 and 0.014 and
predict a covering factor of 5%, 2.9%, 2.5%, 2.3% and
2.1% for 50, 100, 150, 200 and 250 light-days, respectively.
Compared with the mean spectrum, the spectra of the
five models are very similar, and we show the 100 light-
days, Ncol = 1023−24−25 cm−2 and n = 1010 cm−3 model
for the blue component with the observed mean spectrum
(Fig. 21b).

In summary, the models indicate that the gas pro-
ducing the blue component of Lyα, CIV, SiIV and MgII

is situated at a distance of the ionizing source of 50 −
250 light-days, with a column density of 1023−26 cm−2,
an hydrogen density of 1011−10 cm−3 and a covering fac-
tor of 5 − 2%, where U is confined between 0.089 and
0.014. This range of parameters is similar to the central
component one (Table 14). The distance derived from the
photoionization model for the blue component is consis-
tent with the mean delay of this component respect to the
UV continuum (230± 95 days).

5.1.3. The red component

The models, which fit best to the observed ratios for this
component are characterized by (as above in Sect. 5.1.1):
50− 1025− 1011; 100− 1025− 1011; 150− 1024−25− 1010;
200 − 1025 − 1010 and 250 − 1024−25 − 1010. Also here
larger distances are excluded because they result in an
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Fig. 19. Line ratios for the blue component and the
corresponding photoionization models. The different mod-
els are drawn with several types of lines over the ob-
served ratios: distance (light-days) − Ncol (cm−2) − n
(cm−3) = 50−1023−24−25−1011 (– – –), 100−1023−24−25−1010

(· – · –), 150−1023−24−25−1010 (· · · ·), 200−1023−24−25−1010

(· · · – · · ·) and 250− 1023−24−25 − 1010 (—)

overestimate the Lyα/SiIV ratio. These models are shown
in Fig. 20 with the observed ratios. All models fit per-
fectly to Lyαλ1216/SiIV and Lyαλ1216/MgIIλ2798, but
Lyαλ1216/CIVλ1549 is always underestimated.

For this component we have been able to isolate also
the Lyαλ1216/NVλ1240 ratio. Its observed value is low
(between 2 and 8) which can only be explained with mod-
els that, at similar distances, have an order of magnitude
lower hydrogen density and a very small column density
(1021 cm−2). This might indicate that the BLR is com-
posed of optically thin clouds besides of the optically thick
ones considered above, which might also explain better
the Lyα/CIV ratio, as have been recently suggested by
Shields et al. (1995). However, even though the previ-
ous models (optically thick) seem to underestimate the
NVλ1240 line strength, we will use them since at the re-
quired low column density no consistent solution was fea-
sible for all other line ratios. The mean spectrum has a red
component Lyα luminosity of logL(erg s−1) = 42.954. For
the high-intermediate level of the continuum, the mod-
els have U = 0.035, 0.0089, 0.039, 0.022 and 0.014 and
a covering factor of 6%, 4%, 3.3%, 3.0% and 2.9% for 50,
100, 150, 200 and 250 light-days, respectively. Comparison
with the mean spectrum shows that the model spectra

Fig. 20. Lines ratio for the red component and the correspond-
ing photoionization models. The different models are drawn
with several types of lines over the observed ratios: distance
(light-days) − Ncol (cm−2) − n (cm−3) = 50 − 1025 − 1011

(– – –), 100 − 1025 − 1011 (· – · –), 150 − 1024−25 − 1010

(· · · ·), 200− 1025 − 1010 (· · · – · · ·) and 250− 1024−25 − 1010

(—)

are very similar, and in Fig. 21c the model shown is for
100 light-days, Ncol = 1025 cm−2 and n = 1011 cm−3. In
summary, the photoionization model calculations indicate
that the gas producing the red component of Lyαλ1216,
CIVλ1549, SiIVλ1397 and MgIIλ2798 is situated at a dis-
tance of the ionizing source of 50 − 250 light-days, with
Ncol = 1024−26 cm−2, n = 1011−10 cm−3 and a cover-
ing factor of 6 − 3% with U between 0.009 and 0.039
(Table 14).

The models alone do not allow to distinguish the gas
producing the red component from that producing the
blue component, because the same parameter range is ap-
plicable for both (and very similar to those for the central
component as well). On the other hand the delay of the
red component of < 50 light-days with respect to the con-
tinuum falls outside the range suggested by the models,
in contrast to the results found for the central and blue
component. One possible explanation for this is that the
gas emitting the red component is situated along the line
of sight to the observer or that the regions producing both
the red and the blue component are at the same distance
falling in toward the central source (see Sect. 7 for a more
detailed explanation).
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The difficulty associated with the Lyα/CIV ratio for
all models can be explained if: (a) The carbon abundance
is less than the solar one (see the next section); or (b)
The continuum shape in log(νFν) between 13.6 and 48 eV
(logν = 15.5 and 16, respectively) is not as steep as the
exponential cut-off used for the input continuum spectrum
(Fig. 17), so that the fraction of ionizing photon density to
which CIV responds, decreases with respect to the pho-
ton density which Lyα responds, keeping in mind that
the cut-off frequencies suggested by Clavel & Santos-Lleó
(1990) and Binette et al. (1989) are inconsistent with the
observed soft X-rays excess (Fig. 17); or (c) There is not
a smooth connection between the UV and the soft X-rays,
with an absorption in the continuum between 48−150 eV,
resulting in an increase in the Lyα/CIV ratio. Such ab-
sorption can be present if optically thin material, trans-
parent at ≤ 50 eV and absorbing at 50−500 eV, is present
between the ionizing source and the BLR (Ferland et al.
1990); or (d) It is necessary to introduce in the models two
populations of clouds: optically thin and optically thick
ones, as it has been shown by Shields et al. (1995) to be
possible for the specific case of F-9.

6. Relation gas-dust in the BLR

The delay obtained for the central component with re-
spect to the UV continuum of 400± 100 days is similar to
that obtained for the K and L bands, where the emission
is caused by heated dust (Clavel et al. 1989; Sect. 4.3.3).
Therefore the dust, and the gas producing the central com-
ponent, seem to be coexisting in the same region. Even, if
the central gas is situated at ≈ 200 light-days (more com-
patible with the photoionization models) and the dust at
400±100 light-days, it would appear that the outer part of
the gas would be (within the errors) associated with the
inner part of the dust zone. An upper limit to the dust
mass at 400 light-days has been estimated by Clavel et
al. in 0.02 M� and we will estimate the mass-to-dust ra-
tio from the maximum luminosity of both CIVλ1549 and
Hβλ4861. Assuming a typical Ne = 109 cm−3 and that at
the CIV emission maximum all carbon is C+3 and all ions
are in the lower level, N1 = N(C), with a maximum of
L21(central) = 1.034 1043 erg s−1, N(C) = 1.25 1054. For
a solar carbon abundance of C/H = 4.7 10−4 this gives
N(H) = 2.66 1057 and M = 2.24 M� (Aller 1984). Then,
the ratio mass(central gas)/mass(dust) = 100, similar to
the galactic value of 200. Using the Hβλ4861 luminosity,
L = N(H+)Neαhν (Aller 1984), for the Case B of re-
combination (α × hν = 0.863 10−25 erg cm3 s−1), with
Ne = 109 cm−3 and the maximum Hβλ4861 luminosity of
L(central) = 1.52 1042 erg s−1 (Wamsteker et al. 1985),
we find N(H+) = 1.77 1058. Then M = 15 M� and the ra-
tio mass(central gas)/mass(dust) = 750, four times larger
than the galactic value.

Note that the mass of the central gas is in the range
of 2− 15 M� from the different lines and the subsequent

Fig. 21. Observed mean spectrum and the obtained spectra
from the photoionization models for each component. a) The
observed mean spectrum and the model with 100 light-days,
Ncol = 1025 cm−2 and n = 1011 cm−3 for the central compo-
nent. b) The observed mean spectrum and the model with 100
light-days, Ncol = 1023−24−25 cm−2 and n = 1010 cm−3 for the
blue component. c) Equal to the central component for the red
one. d) The sum of each model for the different components
over the observed mean spectrum. Take into account that the
narrow component has not been fitted

mass(central gas)/mass(dust) ratio extends from 100 to
750 could indicate that the abundance C/H is less than
the solar one. If we take N(C) = 1.25 1054 from the
first calculus and N(H+) = 1.77 1058 from Hβλ4861, an
abundance C/H = 7 10−5 is obtained, an order of magni-
tude lower than the solar abundance assumed previously.
Another explanation to the difference in the results from
both lines might be that also the mixture of gas-to-dust is
stratified, as had been previously found for the gas only.
This is a consequence of the significantly different derived
gas mass depending on the ionization state of the ion
used for the calculation, while the dust can not survive
in the inner regions. This would be consistent with the
general concept from previous results suggesting stratifi-
cation in the BLR (e.g. Clavel et al. 1991). However at
the same time the coexistence of the gas and dust, and
the difference in line delays with respect to the contin-
uum, seem to indicate that we are most likely dealing
with a situation where the mixture with dust and the
ionization stratification are all taking place in a region at
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approximately 300−400 light-days from the central source
in an anisotropic radiation field.

7. Structure and dynamic of the BLR

With the results obtained above from the behavior of the
broad-line components we will try to derive the struc-
ture of the BLR in some detail, under the assumption
that the gas producing these components is gravitation-
ally bound. Then the mass of the central object (the black
hole in the standard theory) can be calculated, as usual,
from M = v2r/G, where v is the gas velocity and r its
distance to the object. We find the distance can be esti-
mated from the delays obtained with the correlation func-
tions in combination with the distances deduced from the
central photoionization models. To determine the velocity
we assume that the main mechanism of line-broadening is
macroscopic turbulent movement, implying that the mean
velocity is vtur = 0.6× FWHM . For the central compo-
nent this gives vtur ≈ 2160 km s−1. Its distance to the
central object is more difficult to establish, due to the fact
that the one deduced from the CCF , r ≈ 400 light-days,
is twice as large as that from the photoionization mod-
els of r ≈ 200 light-days. This could indicate some spe-
cial geometry with respect to the observer, which will be
discussed below. For the current discussion we will use a
distance of r ≈ 200 light-days, obtaining M ≈ 2 108 M�,
equal to the estimated one by Clavel et al. (1989). The
similarity in these results is not too surprising since we
find a smaller distance but the turbulent velocity of the
individual component is compensating for this.

If we now use this value of M and the FWHM for
the blue and the red components, distances of 75 and 77
light-days, respectively, are obtained. This≈ 80 light-days
distance, equal for both components, is significantly dif-
ferent from the delay calculated from the correlation func-
tions, −4 ± 70 and 230 ± 95 days, respectively. This can
be explained if infalling motion of the gas at a distance of
≈ 80 light-days is considered, because then the red flux
does not lag behind the continuum variations and the
blue flux will be delayed by twice the light travel time
(Koratkar & Gaskell 1991). Koratkar & Gaskell, applying
cross correlations to the wings of the Fairall-9 lines, obtain
for CIV 0± 43 days and 200± 66 days for the red and the
blue flux, respectively, concluding that the gas producing
these fluxes is at a distance of 100±44 light-days and has
an infall movement, compatible with our result. However,
they obtain for MgIIλ2798 that both wings are delayed
with respect to the continuum 200± 50 days, suggesting
that the movement is chaotic or circular. We have not
been able to analyze the wings of MgIIλ2798 because the
correlation functions are not significant due to the small
variability amplitude of the MgIIλ2798 flux with the con-
tinuum.

Supposing that the red and the blue components of
Lyα, CIV and SiIV are produced in the same zone of

gas at ≈ 80 light-days and is infalling, there is a prob-
lem if this region is spherically symmetric. In that case we
should obtain central gas at the same distance, while we
find that the central component originates further away.
The absence of this central gas indicates a non-spherically
symmetric or anisotropic continuum emission, so that the
majority of the gas responsible for the red and the blue
flux is along the line of sight of the observer (the angu-
lar extend of course limited by the time resolution of our
data). Besides, the central component is produced at a
larger distance, r ≈ 200 light-days, explaining the derived
twice larger delay if this region of gas is behind the source,
suggesting that either the symmetry is non-spherical or
the continuum emission is anisotropic, or both. The ab-
sence of central gas between the source and the observer
could, in this context, be explained as due to the pres-
ence of dust in the non-illuminated or neutral part of the
clouds, which would absorb its emission. Then the dust
emitting in the near IR at 400 ± 100 light-days (Clavel
et al. 1989) should extend between ≈ 200 light-days and
larger distances.

8. Conclusions

The analysis of the ultraviolet variability of the AGN in
the Seyfert I galaxy Fairall-9 (continuum and emission
lines) has been made using IUE spectra of this AGN be-
tween 1978 and 1991 (4903 days) with a mean sampling
interval of 96 days. These data have been combined with
those available at other wavelength domains to derive the
SED of F-9. This instantaneous SED has been used as
input for the ionizing continuum in photoionization mod-
els. The line profile variability has allowed the decompo-
sition of the strongest lines in several components. The
comparison between the line ratios in these components
for Lyαλ1216, CIVλ1549, SiIVλ1397 and MgIIλ2798 com-
bined with the photoionization model calculations and the
results of reverberation analysis has allowed to derive a
consistent model for the structure and dynamics of the
BLR.

1. The UV continuum shows a dominant variation with
Rmax = 33 ± 4 and a characteristic time of 182 days.
Also faster variability on time scales of the order of
56 days appears present, but this has not been ade-
quately sampled in the available data. The intrinsic
spectral index UV-optical is α = −0.07± 0.02 and the
optical variations don’t lag behind the UV ones. In the
NIR, The J band flux shows as an extension of the UV-
optical continuum with αJ−UV = −0.07±0.05. On the
contrary, the H, K, and L bands variations lag behind
the UV ones (Clavel et al. 1989). The 2− 10 keV flux
is proportional to the UV continuum at low flux lev-
els, while at higher UV flux levels this proportionality
breaks down.
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2. The SED of the F-9 nucleus shows two important
flux excesses, extending over the FIR-NIR range and
from the J-band to the X-rays. The FIR-NIR excess,
together with the delays of the H, K and L bands
fluxes with respect to the UV continuum, is consis-
tent with reradiation from dust heated directly by the
ionizing continuum, as already suggested by Clavel et
al. (1989) and Barvainis (1992). The deduced hot dust
mass is 0.02 M� at a distance of 400± 100 light-days
of the UV ionizing source (Clavel et al. 1989).

The problems for a simple disk model to explain the
big blue bump (J-soft X-rays) of F-9 (Clavel et al. 1989
and Courvoisier & Clavel 1991) and the strong corre-
lation observed in the X-rays-UV variations at low UV
flux levels for Fairall-9, are similar to those reported for
NGC 5548 (Clavel et al. 1992) and NGC 4151 (Perola
et al. 1986). In these AGN the partial solution includes
reprocessing on an accretion disk of the hard X-rays
emitted from a region above the disk. The presence of
strong Fe Kα line centered at 6.63− 6.64 keV in the
Ginga spectra of F-9 supports this model. However,
the equivalent width of this line, 230 − 360 eV, could
indicate that the Fe abundance is ≈ 3 larger than
the cosmic one (Zdziarski 1990; Bai 1979). Wills et
al. (1985) similarly obtained this Fe overabundance in
their Seyfert 1 galaxies sample from the high ratio FeII
(optical+UV)/MgIIλ2798 ≈ 8. This is consistent with
the ratio obtained by us (see Table 8).

3. The line profile variability for Lyαλ1216, CIVλ1549,
SiIVλ1397 and MgIIλ2798 has allowed us to isolate
the same four components (represented by gaussians)
in all lines and at all levels of brightness: one narrow
(i.e. unresolved at the IUE resolution), and three broad
components: a central (FWHM = 3600 km s−1,
velocity same as the narrow line), a red shifted
(FWHM = 5800 km s−1, v = +3300 km s−1)
and a blue shifted (FWHM = 5900 km s−1,
v = −3600 km s−1) one. The strong correlations
obtained between the three broad components and
the UV continuum indicates that photoionization is
the dominant mechanism in the BLR. The delays be-
tween these components and the UV continuum are
400 ± 100, −4 ± 70 and 230 ± 95 days for the central,
red and blue one, respectively.

4. Photoionization models (CLOUDY) with a UV-optical
cut-off of 3.5 ryd, derived from the observed instanta-
neous SED, have been applied to the observed lines
ratios of the broad components, and indicate that the
BLR is situated at 50−250 light-days from the ionizing
source, with an hydrogen density of 1012−10 cm−3, a
column density of 1023−26 cm−2 and a covering factor
of 12−2%, with an ionization parameter between 0.003
and 0.089. However, all these optically thick models

underestimate the Lyα/CIV ratio and overestimate
the Lyα/NV one. The solution to this discrepancy
could be associated with the co-existence of optically
thick and optically thin material in the BLR, as sug-
gested by Shield (1995).

5. From all the results we have propose a model for the
structure and dynamics of the BLR: the mass of the
central compact object is M ≈ 2 108 M�. Around this
exist two distinct gas zones within the BLR: the gas
producing the central component at ≈ 200 light-days
and the one emitting the red and the blue fluxes at
≈ 80 light-days moving inward to a central source.
These results require that both gas zones be localized
along the line-of-sight or, alternatively, that the con-
tinuum emission must be strongly anisotropic. Besides,
the gas emitting the central component is most likely
mixed with the dust and the central gas to dust mass
ratio is Mass (central gas)/mass(dust) = 100− 750.
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Véron-Cetty M.P., Woltjer L., Roy A.L., 1991, A&A 246, L73
Vio R., Horne K., Wamsteker W., 1994, PASP 106, 1091
Wamsteker W., Alloin D., Pelat D., Gilmozzi R., 1985, ApJ

295, L33
Wamsteker W., Colina L., 1986, ApJ 311, 617
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