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ABSTRACT. Results are presented from EXOSAT observations of Seyfert type 
active galactic nuclei (AGN). The sample chosen for study are 48 hard X-
ray selected Seyfert type AGN, including all 30 of the emission line AGN in 
the Piccinotti sample. Combining EXOSAT LE and ME data has allowed us to 
obtain broad band X-ray spectra over the range 0.1-10 keV. Spectra in the 

-v^ 2-10 keV range are found to be well described by a simple power-law. 
The distribution of spectral indices across the sample can be approximated 
by a Gaussian distribution of mean energy index *t =0.70 with <Γ^ =0.17 
although not all individual spectra are consistent with this mean at the 
90% confidence level. EXOSAT has also revealed a substantial number of 
sources with complex soft X-ray spectra. These include spectra with a 
second spectral component at soft X-ray energies and sources with "leaky" 
absorbing columns. Evidence that soft excess components occur in at least 
50% of Seyfert type AGN together with detection of rapid variability in the 
soft component provides quantitative support for an accretion disc model 
for AGN. 

1. INTRODUCTION 

Ariel 5 first established powerful X-radiation to be a common property 
of active galaxies, with several bright BL Lac objects and a substantial 
number of Seyfert-type galaxies being identified with X-ray sources 
detected by the Sky Survey Instrument (Pounds, 1977; Elvis et al 1978; 
McHardy et al, 1981). The greater sensitivity of the Einstein Observatory 
later detected additional Seyferts (Kriss et al, 1980) and a large number 
of MORE luminous, but generally fainter, QSO's (Tananbaum et al, 1986), 
while its companion HEA0-1 spacecraft provided the first useful sample of 
broad band X-ray spectra of the brighter BL Lac and Seyfert-type sources. 
A remarkable result of the HEA0-1 spectral survey (Mushotzky, 1984) was the 
uniformity of the AGN spectra, the great majority being well fitted by a 
simple power law spectrum of the form F (Ε) = const, χ Ε~ Αχ exp.^fl^N^ ), 
with the energy indexCX^ 0.7± 0.2. In the above,CRÊ represents the 
effective photoelectric cross-section for neutral gas of solar abundance 
(Morrison and McCammon, 1983). Notable exceptions to the 'canonical' oc 
>~0.7 power law prior to the launch of EXOSAT were the luminous quasar 3C 
273, WITHÖC/^0.4, and THE BL Lac objects WHICH were T Y P I C A L L Y steeper WITH 

cCin THE range >v l-2. Spectra of HIGHER resolution from THE Solid State 
Spectrometer (SSS) instrument on the Einstein Observatory covered a 
narrower energy band (0.8 - 3.5 keV) than the HEA0-1 instruments but 
were more sensitive to low energy absorption, having an effective limit of 
N H £2 χ lO^cm*" 2: A few sources, mainly of l K < ΙΟ1*5** erg sec"1 were 
found to have a low energy cut-off corresponding to an equivalent hydrogen 
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c o l u m n ( N H ) much g r e a t e r t h a n t h e 1 i n e - o f - s i g h t i n t e r s t e l l a r v a l u e ( N ^ j ) 

( R e i c h e r t e t a l , ( 1 9 8 5 ) . Two e s p e c i a l l y i n t e r e s t i n g SSS s p e c t r a of S e y f e r t 

g a l a x i e s w e r e , t h e r e p o r t of a ' s o f t e x c e s s * i n N G C 4 1 5 1 b y H o l t e t a l 

( 1 9 8 0 ) , who i n t e r p r e t e d t h e s o f t e x c e s s i n t e r m s of a p a r t i a l c o v e r i n g of 

t h e h a r d X - r a y s o u r c e , a n d t h e d e t e c t i o n of p o s s i b l e t h e r m a l e m i s s i o n l i n e s 

i n t h e s p e c t r u m of 3 C 1 2 0 ( P e t r e e t a l , 1 9 8 4 ) . D e s p i t e t h e r e l a t i v e l y h i g h 

s p e c t r a l r e s o l u t i o n o f t h e S S S , h i n d s i g h t s u g g e s t s t h a t t h i s i n s t r u m e n t ' s 

n a r r o w b a n d w i d t h a n d i t s l o c a t i o n a t l o w e n e r g i e s , p r o p e r t i e s s h a r e d w i t h 

t h e E i n s t e i n O b s e r v a t o r y I P C , m a k e b o t h l e s s u s e f u l f o r d e t e r m i n i n g 

AGN p o w e r l a w s p e c t r a l i n d i c e s t h a n t h e p r o p o r t i o n a l c o u n t e r s o f H E A O - 1 a n d 

EXOSAT. T h e w i d e s p r e a d o c c u r r e n c e o f s o f t e m i s s i o n c o m p o n e n t s a n d o f 

c o m p l e x l o w e n e r g y a b s o r p t i o n , f o u n d i n t h e EXOSAT s u r v e y , n e c e s s i t a t e 

m e a s u r e m e n t s t o b e e x t e n d e d o v e r a n a d e q u a t e b a n d w i d t h a b o v e 2 - 3 k e V , w h e r e 

s o f t X - r a y e m i s s i o n a n d a b s o r p t i o n e f f e c t s b e c o m e g e n e r a l l y s m a l l . 

A m a j o r p r o g r a m m e w a s c a r r i e d o u t w i t h EXOSAT t o o b t a i n X - r a y s p e c t r a 

o f a m o r e c o m p l e t e s a m p l e o f h a r d X - r a y s e l e c t e d e m i s s i o n l i n e AGN f r o m t h e 

A r i e l V a n d H E A O - 1 c a t a l o g u e s . T h i s p r o g r a m m e o f X - r a y o b s e r v a t i o n s 

s t a r t e d i n A u g u s t 1 9 8 3 a n d c o n t i n u e d t h r o u g h o u t t h e 2 1 / 2 y e a r l i f e t i m e o f 

EXOSAT. T h e s a m p l e c o n s i s t s o f 4 8 o b j e c t s , i n c l u d i n g a l l 3 0 o f t h e 

e m i s s i o n l i n e AGN i n t h e f l u x - l i m i t e d P i c c i n o t t i s a m p l e ( P i c c i n o t t i e t a l , 

1 9 8 1 ) . O b s e r v a t i o n s o f o u r s a m p l e o f AGN w e r e c a r r i e d o u t u s i n g t h e l o w 

e n e r g y ( L E ) i m a g i n g t e l e s c o p e s ( d e K o r t e e t a l , 1 9 8 1 ) a n d t h e m e d i u m e n e r g y 

( M E ) d e t e c t o r a r r a y ( T u r n e r e t a l , 1 9 8 1 ) on EXOSAT. 

2 . ENERGY I N D E X 

A l l o f t h e s o u r c e s i n o u r s a m p l e w e r e c o n s i s t e n t w i t h h a v i n g a s i m p l e 

p o w e r - l a w X - r a y s p e c t r u m . T h e r m a l b r e m s s t r a h l u n g m o d e l s w e r e a l s o t r i e d > 

b u t g e n e r a l l y p r o v i d e d w o r s e f i t s t o t h e d a t a t h a n t h e p o w e r - l a w m o d e l s . 

T h e b e s t - f i t p o w e r - l a w s l o p e s f o r t h e f u l l s a m p l e a r e r e p r e s e n t e d i n 

h i s t o g r a m f o r m i n F i g 1 . W h e r e m o r e c o m p l e x s p e c t r a w e r e r e q u i r e d t o m o d e l 

t h e d a t a , o n l y t h e h a r d X - r a y p o w e r - l a w c o m p o n e n t h a s b e e n u s e d a n d a n 

a p p r o x i m a t e G a u s s i a n s p r e a d w a s g i v e n t o e a c h oc v a l u e a p p r o p r i a t e t o i t s 

s t a t i s t i c a l p r e c i s i o n . A G a u s s i a n f i t t o t h e h i s t o g r a m g i v e s i x ^ ^ ^ = 0 . 7 0 

a n d t f ^ = 0 . 1 7 . W i t h a l l o w a n c e f o r t h e e r r o r s i n e a c h i n d i v i d u a l 

m e a s u r e m e n t o f pc t h e i n t r i n s i c s p r e a d o f s p e c t r a l i n d i c e s i s e s t i m a t e d t o 

c o n t r i b u t e c r x , £ 0 . 1 4 ( a t 9 0 % c o n f i d e n c e ) . I f t h e r e w e r e no 

i n t r i n s i c s p r e a d i n o c t h e n m e a s u r e m e n t e r r o r s a l o n e w o u l d r e s u l t i n o n l y 4 

o r 5 AGN s l o p e s i n c o n s i s t e n t w i t h t h e mean X a t t h e 90% c o n f i d e n c e l e v e l . 

H o w e v e r , 1 8 o f t h e 4 2 s a m p l e s o u r c e s f o r w h i c h s p e c t r a w e r e o b t a i n e d w e r e 

f o u n d t o b e i n c o n s i s t e n t w i t h t h e m e a n p o w e r - l a w s p e c t r u m a t t h a t 

c o n f i d e n c e l e v e l i n d i c a t i n g a s i g n i f i c a n t d i s p e r s i o n i n i n t r i n s i c AGN 

s l o p e s . 

T h e 1 8 o b j e c t s i n c o n s i s t e n t w i t h t h e mean <x a r e d i s t r i b u t e d a c r o s s a w i d e 

r a n g e i n l u m i n o s i t y . F o u r o f t h e s e o b j e c t s h a v e w e l l d e t e r m i n e d s p e c t r a 

e i t h e r b e c a u s e t h e y w e r e v e r y b r i g h t a t t h e t i m e o f o b s e r v a t i o n o r b e c a u s e 

t h e y w e r e o b s e r v e d s e v e r a l t i m e s . T h u s , t h e y c a n c o n f i d e n t l y b e d e s c r i b e d a s 

e x c e p t i o n s a n d p r o v i d e g o o d e v i d e n c e t h a t t h e s p r e a d i n 

s p e c t r a l s l o p e s o v e r t h e X - r a y b a n d i s r e a l . T h e s e f o u r a r e : 

» N G C 3 2 2 7 h a d a f l a t s p e c t r u m i n f o u r o b s e r v a t i o n s . T h e ME d a t a 

g a v e a m e a n s l o p e o f 0 . 5 1 + 0 . 1 2 , a d d i t i o n o f t h e LE d a t a g i v i n g t h e 

same m e a n , 0 . 5 1 + 0 . 1 1 . 

é N G C 4 1 5 1 h a s b e e n e x t e n s i v e l y s t u d i e d b y EXOSAT. T h i s S e y f e r t i s o n e 

o f t h e b r i g h t e s t i n t h e 2 - 1 0 keV b a n d a n d h a s r e v e a l e d a l a r g e a n d 
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logιο Lt-io ergs s 

Fig. 1 Weighted d i s t r i b u t i o n 
of power law indices 

Fig. 2 Power law indices 

versus luminosi ty 

complex absorbing column. Detai led analys i s by Yaqoob e t a l , (1988) 

has shown al l observat ions to be cons i s tent with a mean t* of ^ 

0 . 5 9 + 0 . 0 4 f o r the hard X-ray s l o p e , constant over var ia t ions of an 

order of magnitude in f l u x . 

3C273 i s by far the most luminous source in our sample and may 

represent one extreme of the Seyfert phenomenon. Numerous observat ions 

with EXOSAT and previous X-ray s a t e l l i t e s have shown 3C273 to have a 

f l a t spectrum, the observat ion reanalysed here giving X = 0 . 5 3 ΐ £'.̂ f. 

Aknl20 i s another br ight Seyfer t with a well constrained EXOSAT 

spectrum. The ME data alone gave a slope of ol = 1 . 1 0 + £ ' * | and 

addit ion of the LE data confirmed the steep s lope a s p ^ = 1 . 1 9 + 0 . 0 8 . 

A previous Einstein observat ion of Aknl20 y ie lded a steep power law 

cons i s tent with our r e s u l t (Urry e t a l . 1 9 8 7 ) . 

Fig. 2 shows <x versus log ( 2 - 1 0 keV) luminosity for the ME + LE data 

where error bars on oc cover the 90% confidence range and a typical error 

on luminosity i s ~ 1 0 % . Al l luminos i t i e s have been absorption corrected so 

they represent the luminosity at the nucleus, rather than that observed. 

There i s no evidence for any trend in oc with luminosity from th i s data , 

although a var iat ion of up to + 0 . 2 over 5 decades in luminosity i s s t i l l 

cons i s tent with our data. 

3 . LOW ENERGY ABSORPTION 

The combined ME+LE instruments aboard EXOSAT were s e n s i t i v e to 

absorbing columns down to ^ 10 ^ c m ' 1 , a fac tor of ~ 10 lower than the 

previous l i m i t provided by the SSS instrument on Eins te in . F ig . 3 ( a ) shows 

the measured X-ray columns f o r each source ( l e s s the g a l a c t i c column), 

compared with the g a l a c t i c 1 i n e - o f - s i g h t values derived from 21 cm 

measurements ( H e i l e s , 1 9 7 5 ) ; ~ 5 0 % of these sources show a measured X-ray 

column s i g n i f i c a n t l y above the g a l a c t i c value at the 90% confidence leve l 

(18 out of 35 sources f o r which such data are a v a i l a b l e ) . Allowing f o r a 

small error on the measured g a l a c t i c column (*-10*° cm" ), 3 points l i e 

s i g n i f i c a n t l y below the 1-1 l i n e : Aknl20, NGC7213 and NGC7469, probably due 
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Fig. 3 X-ray absorbing column versus (a) g a l a c t i c column and (b) nuclear 
luminosi ty 

to the presence of a s o f t emission component in these cases . 
Next, the X-ray columns were compared to X-ray nuclear luminosity ( i e . 

corrected f o r absorpt ion ) . Taking 1 0 ^ ' ^ e r g s""1 as a crude dividing l i n e 
between low and high luminosi ty AGN ( t o provide a d i r e c t comparison with 
Reichert e t al 1985) and cons ider ing /ν ΐο 2 , 'π :πΓ ζ to be a ' subs tant ia l ' 
column, F i g . 3 ( b ) shows that e leven low luminosity o b j e c t s and four high 
luminosity o b j e c t s possess a substant ia l column. One of the high 
luminosity o b j e c t s i s MR2251 which exh ib i t s a var iab le column, indicat ing 
that the absorbing material i s s i tuated c lo se to the nucleus (Pan e t a l , 
1 9 8 8 ) . Thus, the EXOSAT data confirm that high X-ray absorption i s more 
common in low luminosity AGN, although the d i s t i n c t i o n i s l e s s c l e a r than 
that found by Reichert e t al ( 1 9 8 5 ) . 
4 . SOFT EXCESS EMISSION 

X-ray observat ions performed with previous s a t e l l i t e s and supported by 
EXOSAT r e s u l t s have shown that above<v2 keV Seyfert ga lax ies are genera l ly 
well described by a simple power-law of index 0 . 7 . However, the f lux of 
the UV continuum genera l ly l i e s above the extrapolat ion of the X-ray 
spectrum and a turn-up of the l a t t e r between 1 keV and 10 eV i s required to 
meet i t . Observations of the l i n e r a t i o s from the BLR have a l so shown that 
a larger X - r a y - u l t r a v i o l e t (XUV) f lux i s required to ionize th i s region 
than i s provided by a simple extrapolat ion of t h e # = 0 . 7 power-law into the 
extreme u l t r a v i o l e t . 

Prior to EXOSAT there were only a few o b j e c t s which showed evidence 
for the predicted spectral turn-up. HEAO-l's low energy detctor (LED) 
observations of the Seyfer t galaxy E1615+061 (Pravdo e t a l , 1984) showed i t 
to have a very steep s i n g l e power-law s lope , w h i l s t Mkn509 (Singh e t a l , 
1985) required a two component spectrum (assuming a g a l a c t i c NH) in the 
0 . 1 8 - 2 . 8 keV band. EXOSAT observat ions have made c l e a r the need to 
d i s t inguish between two types of ' s o f t e x c e s s ' . These are: 

• emission from a d i s t i n c t s o f t X-ray spectral component; 
» leakage of s o f t X-rays through a patchy or p a r t i a l l y ionized absorber 
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Fig. 4 (a) S ingle and (b) double power law f i t s to NGC5548 

The f i r s t ' s o f t excess ' observed with EXOSAT was in NGC 4 1 5 1 . This 
Seyfert galaxy i s one of the b r i g h t e s t AGN in the 2 -10 keV range and has 
been ex tens ive ly studied throughout the EXOSAT mission (Pounds e t a l , 
1986a, Yaqoob e t a l , 1 9 8 8 ) , showing both a non-varying s o f t emission 
component below ^1 keV and a s o f t excess due to leakage in the 1 . 5 - 3 . 5 keV 
band. The f i r s t s o f t X-ray component discovered with EXOSAT and i d e n t i f i e d 
with the ac t ive nucleus (on grounds of rapid v a r i a b i l i t y ) was in the 
luminous Seyfer t Mkn841 (Arnaud e t a l , 1 9 8 5 ) . The second example was found 
in one of the Le ice s t er spectral survey sources, Mkn335 (Pounds e t a l , 1986 
b ) . A t h i r d , NGC5548, i s i l l u s t r a t e d in Fig . 4 where an extrapolat ion of 
the hard power law i s seen to f a l l well short of the LE spectral p o i n t s . 

Excess s o f t X-rays were found in 8 of the Le ices ter spectral survey 
sources: Mkn335, NGC2110, NGC4051, NGC4151, NGC5548, 3C273, MCG-6-30-15, 
and MR2251. Sof t excesses were a l so implied in a further 7 o b j e c t s , namely 
NGC526A, F a i r a l l - 9 , Aknl20, NGC4593, NGC7213, NGC7314 and NGC7469 on the 
bas is of uncorrelated v a r i a b i l i t y observed in the ME and LE bands and/or by 
the f a c t that derived absorbing columns were s i g n i f i c a n t l y lower than the 
measured g a l a c t i c va lues . Analys i s of other EXOSAT observat ions , of 
F a i r a l l - 9 (Morini e t a l , 1986) and NGC7469 (Barr, 1987) confirmed the need 
for a so f t excess in those sources too . 

In a l l cases where there was evidence for a s o f t excess , both part ia l 
covering models and two power-law models were t r i e d . In a l l but three 
cases the two power-law model was preferred. The exceptions were NGC4151, 
NGC2110 and MR2251 where the part ia l covering model was a be t ter f i t . 

5 . DISCUSSION 

The remarkable constancy of spectral s lope , over such a wide 
luminosity range, p laces strong constra ints on models of emission and 
secondary processing (eg . in a pair plasma) of the hard power law component 
(Gui lbert e t a l , 1983; Zdziarski and Lightman, 1 9 8 5 ) . I t s or ig in very 
c lo se to the central black hole seems in l i t t l e doubt, given the frequent 
detect ion of rapid v a r i a b i l i t y in the EXOSAT sample. The discrepancy 
between the canonical χ and the f l a t t e r 2 -10 keV slope of the X-ray 
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background radiat ion suggests that i f low luminosity AGN are indeed a major 
component of the X-ray background, strong spectral evolut ion must occur 
beyond the l i m i t s of the EXOSAT sample. 

Our f inding that a separate , s o f t nuclear component frequently occurs 
may be the s tronges t evidence to date of the ex is tence of s tab le accret ion 
d i scs feeding the central black hole in Seyfert nuc l e i . The implied inner 
d isc temperatures of kT^O.l keV support the view that , in these ob jec t s^a t 
l e a s t , the central black holes cannot have masses much greater than^lO^M^, 
a re su l t cons i s t en t with that derived from v a r i a b i l i t y data (see McHardy,* 
1 9 8 8 ) . The prospects f o r learning a great deal about the central engine 
and i t s environment in AGN of fered by the various X-ray spectroscopic 
missions of the next decade are e x c i t i n g indeed. 
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DISCUSSION 

CANIZARES Did you look for a possible correlation between X-ray spectral 

index and the radio properties of the object? 

POUNDS No, but there were only a few ( ~ 5) radio bright sources in the 

EXOSAT sample. 
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