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Abstract 

The ROSAT/XRT-PSPC observations of the Seyfert 1 galaxy Mkn478 are pre
sented. Together with the optical and ultraviolet spectra of this galaxy, obtained 
within eight months of the X-ray observations, these new data are used to determine 
the continuum energy distribution (CED) of Mkn478, from 1 micron to about 2.0 
keV with a small break between 11.3 eV and 0.1 keV. The ultraviolet/soft X-ray 
CED is similar to the spectrum of a thin accretion disc for both a rotating and a 
non-rotating black hole, although both models underestimate the flux at energies 
higher than 0.4 keV. 

These observations establish that the covering factor of the clouds in the broad 
line region in this Seyfert 1 galaxy is about 0.15 and that the energy of the ionizing 
continuum is similar to the total energy in the broad emission lines. In particular, 
we find that the observed CED can reproduce the observed line ratios and the 
luminosity of the Lya line, indicating that the clouds in the broad line region see a 
continuum similar to the observed continuum. 

Key words Galaxies: active - galaxies:Seyfert, Mkn4 78 - Seyfert:continuum, emission 
lines - techniques:X-ray. 

2 



1 Introduction 

Observations of active galactic nuclei (AGNs) in the ultraviolet and the X-ray regions 
suggest that the continuum energy distribution (CED) of these objects may peak in the 
EUV or soft X-ray bands. It is generally believed (but not proven) that much of this 
radiation is quasi-thermal emission from an accretion disc formed around a massive black 
hole (Shields 1978, Malkan and Sargent 1982, Arnaud et.al. 1985). If present, this excess 
ionizing radiation may well account for the energy deficit in AGNs pointed out by Netzer 
(1985) and Collin-Souffrin (1987). Although the "soft excess" has been detected in the 
X-ray spectra of a number AGNs, observations close to the putative peak of this excess 
have been possible only since the launch of the ROSAT X-ray observatory. 

The Seyfert 1 galaxy Mkn478 (a1g50=14:40:04, 819so= +35:39:07,mv=14.58,z=0.079, 
Mabs=-23.8 Veron-Cetty and Veron 1991) was one of the few AGNs detected during the 
ROSAT/WFC sky survey (Pounds et.al.1993). The implication that this galaxy has an 
exceptionally bright extreme ultraviolet (EUV) spectrum (Gondhalekar et.al.l991, Gond
halekar and Kellett 1992) led to it being reobserved with the ROSAT/XRT (Trumper 
1983) in the pointed mode to obtain the soft X-ray extension of this EUV excess. These 
observations are presented and discussed here. 

2 ROSAT/XRT-PSPC observations 

The ROSAT/XRT-PSPC (Pfeffermann et. al. 1986) observations were made on 17 January 
1992 (UT 15:30:08 to 17:30:26) with a total integration time of 2520 sec. Fig. 1 shows 
the PSPC image, integrated over the full energy range of 0.1 keV to 2.5 keV. Besides 
Mkn 4 78 (lower right-hand corner) there are about 20 sources in this image; these sources 
are still being identified and only Mkn4 78 data are considered here. The off-axis position 
of 11kn4 78 requires caution in the extraction of the source counts and the spectrum. The 
full width at half power of the point spread function at the position of Mkn4 78 is about 
100 arc s (ROSAT A02 Technical Description, 1991), but with a more extended 'halo', 
particularly in the softest energy band. In order to include all source counts for the 
spectral fit, the number of counts in apertures (centered on the source) of increasing radii 
were obtained. It was found that 99% of the total counts were included in an aperture 
of 25.6 pixels ("' 0.1 °). A "source aperture" of"' 0.1 o was therefore used in our analysis. 
Background counts were obtained from an annulus of inner radius of 0.1 o and a. outer 
radius of 0.225° and the counts in the annulus were scaled to the area. of the source 
aperture. Two faint sources and a. section of the telescope strut had to be excluded from 
the background annulus. The background corrected light curves in the two time slots 
when the galaxy was observed are shown in Fig.2. The data have been binned in 96 sec 
bins and in three energy bands; soft (C1;0.095- 0.5keV) medium (C2;0.5- l.OkeV) 
and hard (1.0 - 2.5keV). These energy bands are similar to the energy bands of the 
USS survey (Puchna.rewicz et.al. 1992 and Cordova. et.al. 1992). The mean signals in 
these energy bands are; soft Cl = 3.559 ± 0.092 et/ s, medium C2 = 0.332 ± 0.028 etj s 
and hard 0.140 ± 0.019 et/ s. In the USS nomenclature C2/Cl "' 0.1 and this AGN 
would be classified as a. secure USS source. The mean count rate (over the full energy 
range) of this time series is 3.805 ± 0.058 et/ s, with a. reduced x2 = 1.068, against a. 
constant flux assumption. The variability of Mkn4 78 in this observing window can thus 
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be excluded at greater than 99% confidence. An image of the hardness ratio is shown in 
Fig. 3. This image was obtained from a "soft"(S) and a "hard"(H) image, with the soft 
image now covering the energy range 0.1 keV to 0.4 keV and the hard image 0.4 keV to 
2.5 ke V. The hardness ratio is defined as HR= fZ~;1, and the image in Fig. 3 is HR+ 1 
plotted on a scale of 0-1. Mkn478 is almost as soft as the background X-ray image, with 
hardness(HR+1) of"'"' 0.2. The exceptional softness of this galaxy (together with the low 
galactic column)explains why it was one of the few AGNs detected in the WFC survey. 

2.1 The X-ray spectrum of Mkn4 78 

The X-ray spectrum of Mkn478 was obtained from the PSPC data with the aid of a 
STARLINK suite of programs called ASTERIX (Version 1.66). ASTERIX uses the latest 
recommended calibrations files and PSPC response matrix (in our case, that available 
from January 1993) and corrects the data for telescope vignetting. The distribution of 
background corrected source counts,given in Table 1, shows that most (rv 85%) of the 
source counts are in channels 12 to 50, confirming the extreme softness of this source, 
with no detection in the channels 201 to 250, i.e. in the energy range 2.0 keY to 2.5 keY. 

The background subtracted source counts were rebinned, giving a minimum of 81 
counts per channel, and channels 5-11 were ignored (because the XRT response is not 
well understood in these channels), resulting in 39 channels, covering the energy range 
0.11 keY to 1.9 keY. The binned spectrum was then fitted with three simple models; a 
power law, two power laws and a black body plus a power law. Analysis of hard (2-10 
ke V) X-ray spectra of Seyfert galaxies suggests that these spectra can be characterized 
by a single power law with a photon index r = 1.9 - 2.0 (Nandra 1991, Pounds et.al. 
1993). Although Mkn478 is not detected (in these data) at energies higher than 2 keY, 
it was decided to fix the photon index r = 1.9 in the two component models. The model 
parameters are given in Table 2, and the model fits are shown in Fig. 4. A good fit is 
obtained with a single power law, with the unusually steep spectrum being characterized 
by a photon index of ,...._, 3.3. In addition, there is no indication of the harder component 
typical in Seyfert galaxies. Independent support for the unusually soft X-ray spectrum of 
Mkn478 is provided by an earlier EXOSATobservation obtained from the EXOSAT data 
archive. Although reasonably bright in the LE/thin lexan band ( 0.13c/s), Mkn478 was 
barely detected (0.16 ± 0.04 cjs) in the ME detectors, above"' 2 keY. A joint spectral 
fit to these data yields a steep power law index consistent with our present ROSAT fit. 
Thus it appears that the unually steep spectrum of Mkn4 78 extends to at least ,...._, 4 
keY, and contrasts with that of most Seyfert 1 galaxies (Turner and Pounds 1989) and 
quasars (Lawson et.al. 1993). The possible origin of such a steep spectrum slope from the 
accretion disc models of Czerny and Elvis (1987), Laor and Netzer (1989) and Ross et.al. 
(1992), will be discussed in Section 3.4. 

Since the more complex models in Table 2 are statistically equivalent to model1, there 
is no reason to prefer either over the simple power law. Further, since the column density 
obtained for this model is very similar to the galactic column of 1.23 x 1020 cm- 2 (Stark 
et.al. 1984), it was decided to constrain the powerlaw index further by fixing the column 
density at the galactic value. This powerlaw index is also listed in Table 2 and will be 
used in the rest of this paper; the model fit is shown in Fig.4( d). 
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3 The continuum energy distribution of Mkn478 

Since AGNs are known to be variable and to obtain the CED of a galaxy it is desirable 
to obtain simultaneous data over a large energy range. Although it has not been possible 
to obtain optical and ultraviolet spectra simultaneously with the X-ray observations of 
Mkn4 78, the data described here were all obtained within a period of eight months and 
should give a reasonably accurate CED of this galaxy. 

3.1 Optical spectrum 

The optical CCD spectrum of Mkn478 covering the wavelength range 4000-10000 A was 
obtained on 10 IV!ay 1991 with the FOS at the Cassegrain focus of INT. The spectra. were 
obtained through along slit "' 2 arc sec wide with an integration time of 200 sec. Standard 
techniques were used to extract a one-dimensional spectrum from the CCD image; these 
included subtraction of the bias level, division by a flat field, removal of the cosmic ray 
events and subtraction of the background sky. Stars from the list of Oke and Gunn (1983) 
were used to flux calibrate the spectrum and a F8 star close to Mkn4 78 was used to remove 
the telluric bands at wavelengths longer than 6200 A. The optical spectrum of Mkn4 78, 
corrected for extinction of EB-V = 0.025 is shown in Fig. 5. The colour excess is based on 
the neutral hydrogen column of 1.23 x 1020 cm- 2 and NH/EB-V = 5.0 x 1021 cm- 2mag-1 

(Bohlin, Savage and Drake 1978). The dereddening curve of Seaton (1979) was used to 
obtain the spectrum shown in Fig. 5. 

The optical luminosity of Mkn478 (in these data) is 
logLv = 40.41 eTg s- 1 with [0 m]>.5007/H.B=0.26; in addition the spectrum has a very 
blue continuum, the FWHM of Ha is 2033 km s-1 and that of H.B is 1371 km s-1 . In 
the classification of Stephen (1989) this galaxy is a luminous narrow line Seyfert 1 galaxy. 
The intensity, the FWHM and the equivalent width of the most prominent optical lines 
are given in Table 3. 

3.2 Ultraviolet spectrum 

Mkn4 78 has been observed repeatedly with IUE over the last ten years. The log of IUE 
observations is given in Table 4, the galaxy last being observed on 25 May 1991, about 
seven months before the ROSATobservations described here. The IUE images in Table 4 
were obtained from the IUE Archive at Rutherford Appleton Laboratory and the spectra 
were extracted from each image by the procedure described in Gondhalekar (1989). The 
spectra were dereddened for EB-V = 0.025 and a mean spectrum was created and this is 
shown in Fig. 6. To assess the variability of this galaxy, at ultraviolet wavelengths, during 
the ten years of IUE observations, the rms deviation from the mean at each pixel in the 
spectrum was calculated. This la spectrum is also shown in Fig.6. The la spectrum is 
greater than zero at all wavelengths and is greater than the noise in the mean spectrum, 
indicating tha.t the galaxy is weakly variable at ultraviolet wavelengths and the variability 
increases at shorter wavelengths. Apart from the core of the Lya line the la spectrum 
at the locations of the emission lines is not very different from that at the adjacent 
continuum, indicating that apart from the core of Lya line the emission lines are not 
strongly variable. This picture is consistent with the variability characteristics of most 
AGNs of comparable luminosity. However, it is rather surprising that the core of the Lya 
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line has varied; this is similar to the variability observed in the profile of the H/3 line in 
Mkn590 (Ferland,Korista and Peterson 1990; Peterson et.al.1992). 

The emission line intensities, the line equivalent widths and the FWHM of the most 
prominent lines measured in the spectra of May 1991 are given in Table 3. The UV 
spectra join the optical spectra (obtained a few weeks earlier) quite smoothly suggesting 
no significant short term variability. 

3.3 Extreme ultraviolet continuum 

Mkn4 78 is the brightest Seyfert 1 galaxy detected during the R OSAT /WFC all-sky survey 
(Pounds et.al. 1993). The sky survey was made in two band-passes, with greater than 
10% of the peak efficiency, between 88-207 eV (S1) and 62-123 eV (S2). The survey count 
rates for Mkn478 are S1:52 ± 6 ctjks and S2:15 ctjks, respectively. The S2 count rate is 
a3cr upper limit i.e. the source was not detected in the S2 band-pass. 

In order to check if the WFC data were consistent with the ultraviolet and soft X-ray 
data for Mkn4 78, a quadratic curve was fitted to the IUE ultraviolet data and the decon
volved soft X-ray data (see Section 3.4. for details) and this CED wa.s then convolved with 
the absorption corresponding to the galactic column N H = 1. 23 x 1020 cm- 2 ( Morrison 
and McCammon,1983) and the response functions of the S1 and S2 filters ( WFC Master 
Calibration File, 1992). The predicted S1 and S2 count rates, of 45 ct/ks and 3 ct/ks, 
respectively, are in close agreement with the measured values, supporting the validity of 
the overall XUV CED, and consistent with the spectroscopic observations of Mkn4 78 in 
the WFC band-pass, which show no strong emission lines (Marshall 1993). 

3.4 The continuum energy distribution 

The complete (rest-frame) optical to X-ray CED of Mkn4 78, derived from a combination of 
the above data, is shown in Fig. 7. The soft X-ray and EUV spectrum ha.s been corrected 
for galactic absorption. The "big bump" is clearly defined in this spectrum (except in 
the "-'ll-80eV region) and indicates the excess energy in the ionizing continuum. The 
prominence of the bump is similar to that inferred from the combined soft X-ray and UV 
observations of PG1211+143 (Bechtold et.al. 1987) and H1821+643 (Kolman et.al.1991). 

Studies of the variability of AGNs at different energies (Cutri et.al.1985) and CED 
from infrared to X-ray (Malkan and Sargent 1982) have established that the UV /soft 
X-ray bump is a separate feature from the underlying power law. This feature is usually 
attributed to a. thin accretion disc. Although alternatives to thin discs are available (e.g. 
the thick torus model of Madau (1988), the hot gas from supernovae (Terlevich et.al.1992) 
and optically thin gas (Barvainis 1993)) and some doubts have been raised about thin 
discs in AGNs from the variability observations of NGC5548 (Krolik et. al. 1991 ), thin 
discs are widely used and have been shown to fit the UV spectra of QSOs and Seyfert 
galaxies successfully (Malkan and Sargent 1982, Laor 1990, Sun and Malkan 1989, Ross 
et.al. 1992). More recently Gondhalekar and Kellett (1992) have shown that thin disc 
spectra can also fit the UV and the EUV data. 

Several modifications of the original accretion disc model of Shukura and Sunyaev 
(1973) have been suggested e.g. inclusion of opacity (electron scattering and Comptoniza
tion) and inclination effects (Czerny and Elvis 1987; Wandel and Petrosian 1988). The 
Comptonization hardens the spectrum without increasing the energy requirement and 
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thus maintains a sub-Eddington luminosity in fitting soft X-ray data. Similarly, incli
nation hardens the spectrum by relativistic focussing of the innermost radiation. The 
effects of scattering around a disc have been modelled by Sun and Malkan (1987), and 
Laor and Netzer (1989) have considered in detail the radiative transfer in a thin disc. 
For the purposes of this paper we primarily use a thin disc spectrum as a means of com

paTison with the measured UV to X-ray CED of Mkn478. Our purpose is to show that 
accretion on a black hole can account for the observed UV /soft X-ray bump in this AGN, 
(although not proving that the enhanced emission arises in this way). We also recall that 
the deconvolved soft X-ray spectrum shown in Fig.7. is not unique and has been obtained 
for a powerlaw model of the PSPC spectrum and not an accretion disc model. In fact, 
as shown below, an accretion disc model spectrum which is similar to the observed opti
cal/UV spectrum still requires some enhancement to match the steep soft X-ray spectrum 
of Mkn478. 

For a non-rotating black hole the minimum accretion rate can be estimated from the 
total luminosity (Bechtold et.al. 1987) 

(1) 

wha.re 1] is the efficiency for releasing energy and has a. maximun value of 5. 7% for a. 

non-rotating black hole (Novikov and Thorne 1973). If 

Ltot "' Lopt + Luv + Lx -ray (2) 

then for Mkn4 78 
(3) 

where the Ltot (1.73 x 1045 e1·g s-I, for Ho= 100 km/sMpc- 1 and q 0 = 0) was obtained 
by a polynomial interpolation from about 11.3 eV and 100 eV. Similarly the MM can be 
estimated from the UV flux (Bechtold et. al. 1987) and for Mkn4 78 M M "' 1.0 x 107 

and for the accretion rate above M "' 1.86 x 107 M 0 . The mass of the central black hole 
can also be estimated from dynamical considerations. If the BLR clouds are assumed to 
be in closed Keplerian orbits then the FWHM of C IV line is related to the central black 
hole mass (Netzer 1991) 

M~ 7 x 10-10r"V;~00 M 0 (4) 

where the Keplerian velocity (measured in units of 3000 kms- 1 ) "V;~00 = 3 x (FW H M/2) 2 . 

For r = 1.05 x 1018 cm (see Section 4) the mass of the central black hole M"' 2.8 X 108 

JY£0. 
For purposes of illustration the CED of Mkn4 78 is compared with the model spectra 

of accretion discs. Models of accretion on both a non-rotating ( Czerny and El vis 1987) 
and rotating (Laor and Netzer 1989) black hole have been considered. An acceptable 
match is obtained for M M = 1.43 x 107 

- 1.25 x 107 and an inclination angle of about 
60° (a= 0.1 for both models); in Fig.7 the dot-dash curve illustrates the model spectrum 
of Czerny and Elvis (1987) for M = 1.25 X 108 M 0 and M= 0.1 M 0 jyr and the dashed 
curve illustrates the model spectrum of Laor and Netzer (1989) for M= 1.1 X 108 M 0 and 
M = 0.13 M0 jyr. The L/ Ledd = 0.11 - 0.13 and both models underestimate the flux at 
energies greater than 0.4 keV. No attempt has been made to fit the accretion disc models 
to observations (nor have the uncertainities in the model parameters been given) since 
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the optical, UV and X-ray spectra were not obtained sirnnltaneously and some relative 
variability is possible. 

A steep soft X-ray spectrum is also expected from reprocessing of the hard X-rays 
in dense, cold cloudlets surviving close to the central source (Gilbert and Rees 1988). 
However, the relative weakness of the hard X-ray spectrum in Mkn478 would suggest that 
this mechanism unlikely in this source. Highly ionized gas in the central region would 
emit soft X-ray lines and these would not be resolved by PSPC and would be blended 
into a quasi-continuum with a steep slope. However, the spectroscopic observations at 
soft X-ray energies seem to rule this out as no strong emission lines have been detected 
(Marshall 1993). The excess flux at energies higher than "'0.4 keV may be explained, 
at least qualitatively, by scattering in, for example, the skin of the accretion disc or an 
overlying hot corona. 

4 Ionizing radiation 

Photoionization models have been able to account for many properties of the permitted 
broad emission lines in the spectra of Seyfert 1 galaxies and quasars (Ferland and Netzer 
1979; Kwan and Krolik 1981). If photoionization is accepted as the main source of energy 
input to the broad emission line region (BLR) then it is possible, in principle, to obtain 
the ionizing spectrum from the observed line spectrum (Za.nstra. 1931;Cla.vel and Sa.ntos
Lleo 1989; Gondhaleka.r 1992). Mkn478 offers the unique opportunity to compare the 
estimated spectrum with the observed spectrum. 

4.1 Covering factor and the energy budget 

Before presenting the results of a. photoionization model it is worth considering the con
sequences of the observed ionizing continuum. The number of photons NLua in the Lya 
line can be related to the total number of ionizing photons N and the covering factor n 
(of the BLR clouds) by 

(5) 

where f is the fraction of ionizing photons that eventually escape the BLR clouds as 
Lya photons. Typically the broad-line models suggest f "' 1 (Kwan and Krolik 1981) 
and f = 1 is assumed here. Interpolating by a. quadratic function between UV (1100) A 
and 0.1 ke V the integrated flux of ionizing photons N "' 2.67 ph cm-2 s-1 . The number 
of Lya photons (Table 2) NLyo: "' 0.41 ph cm-2s-1 and therefore, the covering factor 
n ro..J 0.15 for Mkn478. This value of covering factor is consistent with the value obtained 
from the statistics -of Lyma.n continuum absorbers a.t the emission line redshift in high 
redshift quasars (Smith et.al. 1981). 

Netzer (1985) has pointed out a possible energy budget problem with the continuum 
models used to reproduce the BLR spectrum. The broad line models of Wills, Netzer and 
Wills (1985) predict large fluxes from BLR clouds when Fe! I and the Ba.lmer continuum 
are properly modelled. Netzer (1985) has shown that the total flux emitted in all lines 
is ro..J 3 - 8ELua where ELua is the energy in the Lya line. In some continuum models 
considered by him there is inadequate flux at energies higher than 1Ry to produce all 
the energy in the broad lines. Collin-Souffrin (1986) has also considered this "energy 
budget" problem and concluded that the high ionization lines (e.g. Lya, C IV etc.) and 
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the low ionization lines (e.g. Mg II, H,B etc.) must be emitted form two distinct regions and 
the medium emitting the low ionization lines must be heated either by a non- radiative 
mechanism or by an additional X-ray continuum. For Mkn478 the total energy in the 
observed broad lines (Table 3) is Efine f',.J 1.1 X 10-n ergs cm-2 s-1 . Francis et.al. (1992) 
have shown that there is a mass of weak broad features in the spectra of AGNs, and 
a large amount of energy is contained in these features. Very high signal-to-noise ratio 
spectra are required to measure the flux in these features. Even the composite spectrum 
of Mkn478 (Fig.5) does not have the required signal-to- noise ratio. Francis et.al. have 
given the flux in these broad features relative to the flux in the Lya line, and a similar list 
of relative fluxes of lines has been given by Netzer (1985). These relative line intensities 
were used to estimate the flux in the weak broad features (including unobserved lines like 
Cm] .\1909 , Balmer continuum etc.) in the spectrum of Mkn4 78. The total flux in these 
features is Ef;ne f',.J 1.2 X 10-11 ergs cm-2 s-1 for the relative line fluxes of Francis et. al. This 
flux increases to f',.J 2.2 X 10-11 ergs cm-2 s-1 for the relative fluxes of Netzer (1985). This 
increase is mainly due to higher intensity of the Balmer continuum in the flux ratio of 
Netzer, but these flux ratios are appropriate for "strong Fe II objects" and attempts to 
measure the flux in the Balmer continuum/Fen emission blend (the "small blue bump") 
between 2150-4150A in the spectrum of Mkn478 (using the scheme of Moaz et.al. 1992) 
suggest that this feature is rather weak, unless there is a strong feature in the unobserved 
region between 3200A and 3700A. It is reasonable to conclude that the flux in these broad 
weak features is 1.2 - 2.2 x 10-11 ergs cm-2 s-1 and the total flux in the emission lines 
is Etine = Efine + Efine f',.J 2.3- 3.3 X 10-11 ergs cm,- 2 s-1 . The integrated energy in the 
ionizing continuum Etot f',.J 1.62 X 10-10 ergs cm-2 s-1 and Etine/f.!Etot = 0.95- 1.36 for 
the value of D, determined for this galaxy. TheTe would appeaT to be no energy budget 
pToblem joT Mkn4'18. 

4.2 Line ratios 

A modelled CED to reproduce the observed line ratios and the luminosity of Lya line in 
the spectrum of Mkn4 78 is considered here. The procedure has been described in detail 
by Gondhalekar (1992) and only the most essential points will be repeated here. The CED 
is assumed to be a power law (fv ex 1/x) at radio, infrared/optical and X-ray frequencies. 
The slope of the power law at radio frequencies aradio = 2.0 and that at infrared/optical 
frequencies is airo = -1.0 respectively (Saunders et.al. 1989) the turn over was fixed at 
1013·5 H z, the location of this break can affect the free-free heating in the BLR clouds 
and can in turn affect the flux in high ionization lines such as C IV and 0 VI (Ferland and 
Persson 1989). In the X-ray region the observed CED (ax = -2.34) was used. The CED 
in the ultraviolet/EUV region was modelled by the function 

(6) 

where both Vc and a are free parameters. The CED is normalized to the observed flux 
at 1450 A and joined smoothly to the X-ray powerlaw. The CED used to model the line 
ratios and the luminosity of Lya line is shown by the dotted curve in Fig.7, this CED is 
obtained for a = 0.01 and vc = 2. 75Ry and is very similar to the observed CED at the 
optical, DV and X-ray energies, and is also similar to the CED of the accretion disc models 
in the 11.3 eV to 0.26 keV region. The line ratios were obtained for a slab approximation 
of the clouds in the BLR and a spherical BLR was assumed. This model is characterized 
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by the ionization parameter 

u = Q (7) 
47l"r2nc 

where Q is the flux of ionizing photons, r is the radius of the BLR and n is the density. 
The flux of ionizing photons Q is obtained from the modelled CED. The photoionization 
code ION (Netzer, private communication) was used to model the BLR. In this model the 
column density logN = 23.5 cm- 2 were kept fixed to ensure that the clouds stay optically 
thick in the Lyman continuum. The density n and the radius 1' were varied to obtain 
good agreement with both the line ratios and the luminosity of Lyo: line. By attempting 
to seek agreement for both the line ratios and the Lyo: luminosity, the density and the 
radius can be constrained to a narrow range . The line ratios and the luminosity in Table 
2 were obtained for logn = 10.5±0.2, logr = 18.0+8:~ and log U=-2.644. Considering the 
simplicity of the BLR model the agreement with the observed values is very good. The 
value of the radius is consistent with the lack of variability of the emission lines in the 
spectrum of Mkn4 78. However, the lack of variability of the wings of Lyo: line would also 
suggest that there is high velocity optically thin gas in the BLR of this galaxy (Ferland, 
Korista. and Peterson 1990) a.nd this is not included in the model. The large disagreement 
for Si IV /Lyo: ratio is rather surprising as the ionization potential of Si IV and C IV are 
similar and a good agreement is obtained for C IV /Lyo: ratio. 

The slope in the hard X-ray region (~ 2 keY) of this modelled CED is equal to the 
steep slope observed at soft X-ray energies. However, Seyfert galaxies in general have 
a. slope r """ -1.9 at hard X-ra.y energies. Also the marginal detection of Mkn4 78 by 
EXOSAT ME suggests a weak hard X-ray spectrum. To test the effect of a less steep 
hard X-ray spectrum the BLR model was rerun with a powerlaw CED of r = -1.9 added 
at energies greater than 2 keY. The absolute flux at these energies was just low enough to 
be consistent with the lack of detection by ROSAT/PSPC. The modelled line ratios and 
the luminosity of the Lyo: line are in close agreement with the values given in Table 3. 

5 Conclusions 

ROSAT/XRT-PSPC EUY and soft X-ray data have been combined with ultraviolet and 
the optical spectra to produce a 1 micron to 2 keY CED of the Seyfert galaxy Mkn478. 
Although acquired over some 8 months, these data a.re believed to give an accepatable 
representation of the continuum energy distribution of this active galaxy. 

The observations indicate that the covering factor of the BLR clouds (both optically 
thick and optically thin) in this Seyfert 1 galaxy is""" 0.15, similar to the covering factor of 
the optically thick BLR clouds obtained for high redshift (and high luminosity) quasars. 
The (almost) complete CED of the ionizing radiation enables the vexed question of energy 
balance in AGNs to be addressed with minimum assumptions about the shape of the 
CED in the EUY /soft X-ray region. These data establish that the energy in the ionizing 
continuum of Mkn4 78 is almost equal to the total energy in the broad emission lines. 
Furthermore,the modelled ratios of the permitted broad lines indicate that in this AGN 
the clouds in the BLR see an ionizing continuum which is not significantly different from 
the observed spectrum. 
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Chtow Chhiuh Etow Ehigh Source counts 
12 250 0.13 2.5 4 789.9± 72.5 
12 50 0.13 0.5 4175.0± 67.5 
51 100 0.50 1.0 421.0± 22.0 
101 150 1.00 1.5 148.9± 13.0 
151 200 1.50 2.0 34.5± 6.3 
201 250 2.00 2.5 2.77± 2.29 

Table 1: Summary of source counts in various PHA channels 

C h1ow and C hhigh the lower and higher channel. 
Ezow and E high the lower and higher channel energy in keV. 

Model Norm* Powerlaw Black body 
index Temperature 

r eV 
1. PL 2.33 ± 0.11 X 10-3 3 32+0.25 . -0.13 
2. PL+PL 1.87 ± 0.52 X 10-3 1.90** 

4.44 ± 4.96 X 10-4 3 51 +0.45 
. -0.41 

3. PL+BB 1.66 ± 0.13 X 10-3 1.90** 
32.53 ± 7.02 84+5 

- 6 
1t PL 2.35 ± 0.02 X 10-3 3.24 ± 0.05 

Table 2: Model Parameters 

*Normalization factor in ph cm- 2 s-1keV-1 

** Parameter kept fixed 
Nh Column in units of 1020 cm-2 

13 

Nh 

1 38+0.23 . -0.20 
1 49+0.33 . -0.28 

0 gg+0.28 . -0.24 

1.23** 

x2 

1.172 
1.186 

1.195 

1.176 



ID ).line ).obs F~ EW FWHM R(obs) R(model) 
Lya 1215 1220 66.76 ± 21.1 148 ± 60 2121 1 1 
Si IV 1400 1401 6.09 ± 6.51 25 ± 17 0.09 0.03 
CIV 1550 1550 12.42 ± 4.92 33 ± 15 2146 0.19 0.18 
Hen 1640 1637 3.76 ± 1.85 10 ± 5 0.06 0.04 
Mgn 2800 2790 2.78 ± 1.25 15 ± 7 1782 0.04 0.15 

HI 4340 4348 1.65 ± 0.86 22 ± 11 2046 0.02 
Fen(4)* 4578 2.48 ± 1.98 40 ± 17 0.04 
HjJ 4861 4866 2.85 ± 1.60 52± 16 1371 0.04 0.04 
[Om] 4958 4973 0.18 ± 0.1 
[Om] 5007 5015 0.78 ± 0.49 15 ± 10 1774 
Fen(5) 5267 1.67 ± 0.91 27± 20 0.02 
He I 5875 5875 0.31 ± 0.15 7±4 
Ha 6565 6565 9.51 ± 2.02 250 ±55 2033 0.14 0.27 
OI 8446 8449 1.15 ± 0.90 25 ± 20 
log L(Lya) 43.7 43.8 

Table 3: Emission lines in the optical and ultraviolet spectrum of Mkn4 78 

FA X w-13 erg cm,-2 s-1 

EW A 
FWHM km s-1 

L(Lya) e1·g s-1 (Ho= 100km/sMpc-1,q0 = 0) 

Yr-Day CAM IMAGE EXP(min) 
82-159 SWP 17168 95 
82-160 LWR 13448 80 
82-160 LWR 13450 40 
82-160 SWP 17170 57 - - - - - - --
83-211 LWR 16484 60 
83-211 SWP 20545 90 
83-211 LWR 16483 60 
84-118 SWP 22866 45 
84-118 SWP 22865 50 
84-118 LWR 17395 60 
91-005 LWP 19509 60 
92-145 LWP 20441 60 
92-145 LWP 20442 55 
92-145 SWP 41693 75 

Table 4: IUE images of Mkn4 78 used to produce the composite spectrum shown in Fig. 
4. 
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Figure captions. 
Figure 1. ROSAT/PSPCimage of Mkn478 (lower right) field. The image was produced 

by integrating over the PSPC energy range of 0.1 keV to 2.5 keV. 
Figure 2. The light curve, in three energy bands, of Mkn4 78. The energy bands are, 

soft (top curve) 0.095 keV to 0.5 keV, medium (middle curve) 0.5 keV to 1.0 keV and 
hard (bottom cuTve) 1.0 ke V to 2.5 ke V. The data have been binned in 96 sec bins. 

Figure 3. The hardness image of Mkn4 78 field. See text for the defination of hardness. 
Figure 4. Model fits to Mkn478 data, (a) a powerlaw, all parameters free, (b) a power

law+ a powerlaw, one powerlaw index was kept fixed at 1.9 all other parameters were free, 
(c) a powerlaw + a black bodies, powerlaw index fixed at 1.9, all other parameters kept 
free and (d) a single powerlaw, the gas column was was kept fixed at 1.23 x 1020 cm-2 

(Stark et.al. 1984) all other parameters were free. The model parameters are given in 
Table 1. 

Figure 5. A CCD optical spectrum of Mkn4 78 obtained on 10 May 1991. The spectrum 
was obtained ·with FOS at the Cassegrain focus of INT. 

Figure 6. A composite ultraviolet spectrum of Mkn478. The spectrum was produced 
by merging six short wavelength and eight long ·wavelength spectra respectively. The 
spectra were obtained with IUE between 1982 and 1992. The la fluctuation in these 
spectra. is shown in the lower trace. 

Figure 7. The continuum energy distribution (CED) of Mkn478. Note that the optical, 
ultraviolet and the X-ray data were not obtained simultaneously but the galaxy does not 
appear to be rapidly variable (see text for details). The optical/ultraviolet data are shown 
by the full lined histogram and the X-ray data are shown by the full line crosses with 
error bars. A powerlaw has been assumed to obtain the X-ray spectrum. The disc model 
of Czerny and Elvis (1987) is shown by the dot-dash curve and that of Laor and Netzer 
(1989) by the dashed curve. No attempt has been made to fit the model spectra to the 
data, and the model spectra. are shown for illustration only. The CED required to model 
the broad emission line spectrum of Mkn4 78 is shown by the dotted curve. 
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