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Abstract 

The X-ray spectra o f  compact ex t raga lac t ic  sources obtained 
from the HEAO-1 A-2 experiment and the Sol id-State Spectrometer 
onboard HEAO-2 ( the  E ins te in  Observatory) are reviewed. Seyfert  
spectra are remarkably consistent,  w i t h  cha rac te r i s t i c  power-law 
spectra o f  energy index CS=0.7+.1 over a dynamic range o f  almost 
100 i n  both luminosi ty  f o r  the whole sample, and energy f o r  
i nd i v idua l  members. Radio-quiet quasars have s i m i l a r  spectra, 
perhaps s l i g h t l y  steeper, for  the 1 imi  ted sample w a i l  able. 
New so l id -s ta te  spectrometer r e s u l t s  f o r  NGC 4151 y i e l d  a consistent 
p i c tu re  f o r  the geometry o f  the broad-l ine clouds i n  both these 
re la ted  radio-quiet  classes of ga lac t i c  nucle i .  Radio-loud 
objects, espec ia l l y  BL Lacs, are considerably more var iable i n  
spectrum as wel l  as i n  luminosity.  D i rec t  synchrotron and 
synchrotron-self-Compton components are consis tent  w i t h  what we 
observe from these objects. F ina l l y ,  the r o l e  o f  spectroscopy 
i n  addressing the extent  t o  which compact ex t raga lac t ic  nuc le i  
might cont r ibu te  t o  the d i f f u s e  X-ray background i s  discussed. 

The E ins te in  Observatory has been an important step forward 
i n  our a b i l i t y  t o  observe the whole cata log o f  c e l e s t i a l  X-ray-emitt ing 
objects. I t s  imaging experiments are capable o f  in te r rogat ing  the 
luminosi ty  o f  ind iv idua l  sources i n  the  .5-5 keV band w i t h  a 
s e n s i t i v i t y  almost 1000 times be t te r  than tha t  afforded by previous 
instrumentation. so t h a t  the sample o f  compact ex t raqa lac t ic  sources 
which has become avai lab le f o r  study has increased mamat ica l  l y .  

Spectroscopically, our capabi 1 i t i e s  have increased s i g n i f i c a n t l y  
although not  q u i t e  as measurably as has the raw s e n s i t i v i t y  of 
the imaging detectors. The resolv ing power o f  the d ispers ive 
E ins te in  spectrometers, the Focal Plane Crysta l  Spectrometer 
(FPCS) and Objective Grating Spectrometer (OGS), i s  l a rge l y  
negated by t h e i r  inherent ly  low e f f i c i e n c y  f o r  sources which 



g ive  photon f l uxes  as low as do the compact ex t raga lac t ic  sources; 
these techniques must e x h i b i t  t h e i r  power i n  the in te r roga t i on  
o f  much b r i gh te r  sources contained w i t h i n  our galaxy. The 
Sol id-State Spectrometer (SSS), a non-dispersive device, has 
the capabi 1 i t  t o  do usefu l  spectroscopy down t o  a l e v e l  o f  
less than 10-i of *he  f l u x  from the Crab nebula, w l t h  a reso lv ing  
power o f  about 50 a t  energies below the  E ins te in  telescope 
c u t o f f  a t  5 keV. This n i c e l y  complements the propor t ional  
counter spectra ava i lab le  from the HEAO-1 A-2 experiment i n  the  
energy range 2-60 keV, which have a t y p i c a l  reso lv ing  power 
about a fac to r  o f  3 worse ( the  reso lv ing  powers of both instruments 
are energy dependent: i n  the region o f  overlap, the  reso lv ing  
power of  the SSS i s  about 5 times be t te r ) .  

The la rge  f r a c t i o n  of t h i s  review w i l l  be devoted t o  the 
spectra of compact ex t raga lac t ic  sources obtained w i th  both o f  
these instruments, the A-2 and the SSS, and the consistencies 
which the increased dynamic range of the two, together, has 
allowed us t o  i n f e r .  I sha l l  discuss on l y  the most luminous 
classes of ga lac t i c  nucle i ,  i.e., Seyferts, BL Lacs and quasars, 
and concentrate on the general spectra l  proper t ies of the classes 
ra the r  than the p e c u l i a r i t i e s  of i nd i v idua l  objects. F ina l l y ,  
I s h a l l  address the spectroscopic evidence which re la tes  t o  the 
r o l e  t h a t  ac t ive  ga lac t i c  nuc le i  might p lay  i n  expla in ing the 
d i f f u s e  X-ray background (XRB) . 

Seyfert galaxies are d is t inguished by t h e i r  broad o p t i c a l  
emission 1 ines ( o f  order lo4 km/sec) . The lack o f  broad forbidden 
l i n e s  indicates tha t  the l i n e s  a r i se  i n  clouds or  f i laments 
w i t h  dens i t ies  i n  excess o f  108 cme3, whi le  the  l i n e  species 
argue tha t  the dens i ty  must be less than about 1010 cm-3. The 
p reva i l i ng  opin ion i s  t h a t  the broad l i n e s  o r i g ina te  i n  condensed 
mater ia l  a t  a dens i ty  o f  about 109 cm-3 (and a temperature 
lo4 K )  which i s  suspended i n  a much ho t te r  medium and i r r a d i a t e d  
from a cent ra l  continuum source. Davidson and Netzer (1979) 
have recen t l y  reviewed a1 1 the re levant  pre-Einste in theo re t i ca l  
and experimental evidence fo r  t h i s  consensus p ic tu re .  The 
condensations are found a t  a distance from the cen t ra l  source 
which scales l i k e  the square r o o t  o f  the continuum luminosi ty  
( w i t h  t y p i c a l  valile -0.1 pc), whi le  the narrow l i n e  cores and 
narrow forbidden l i n e s  are created a t  distances o f  the order of 
1 kpc. Invar iably ,  Seyferts are s p i r a l  galaxies. Since quasars 
have v i r t u a l l y  the same de f i n ing  propert ies, save f o r  the fac t  
t h a t  they are "quas i -s te l la r "  rather  than "spi ra l ' ' ,  i t  would 
appelw tna t  th?  d i f fe rence between the two may be more operat ional 
than rea l  ( a t  leas t  w i th  respect t o  quasars which are rad io  
qu ie t ,  as Sevferts almost always are). Quasars which are rad io  
l o ~ d ,  cAn the ether hand, are much more var iable, and d is t inguishable 
frarn BL Lac objects only  i n  t ha t  the l a t t e r  e x h i b i t  no erilission 
i ines  a t  a1 I .  



The f i r s t  correlat ions o f  Seyfert X-ray emission wi th  
opt ica l  character ist ics were performed by Elv is,  e t  a l .  (1978) 
from Ar ie l -5 data. While the X-ray emission d i d  not cor re la te  
very well  w i th  op t i ca l  continuum emission, i t  correlated extremely 
well wi th the breadth o f  the emission 'lines and the )Ire in tens i ty .  
The l a t t e r  correlat ion, i n  par t icu lar ,  impl ied a strong connection 
between the X-ray emission and the central  continuun source. 
The central power plant  has long been assumed t o  be the manifestat ion 
of  grav i ta t iona l  potent ia l  energy converted from i n f  a1 1 t o  a 
black hole of mass 106-8 b, but the de ta i l s  o f  the process and 
geometry are rather obscure. Recent r e v i ~ w s  o f  the l i k e l y  
mechanisms f o r  X-ray production i 1 lucidatc the d i f f i c u l t i e s  
associated w i th  attempting t o  in fe r  t h e i r  nature from the X-ray 
output spectra alone. Whether d i r ec t  bremsstrahlung o r  synchrotron 
radiat ion, or some var ie ty  o f  s ing ly  or mu l t ip l y  Compton-scattered 
radiat ion, almost a l l  the possible scenarios resu l t  i n  smooth, 
featureless power-law spectra over the l im i ted  dynamic range 
avai lable t o  the X-ray detectors. I n  general, the indiv idual  
measured spectra are as uninterest ing as the qua l i f i ca t ions  
above predict  them t o  be. Nevertheless, the measurement o f  
broader-band spectra and/or the i den t i f i ca t i on  of consistent 
s im i l a r i t i e s  or  differences m n g  the c lass i f i ca t ions  o f  compact 
extragal act i c  sources may prove t o  be f r u i t f u l  exercises. 

X-ray measurements have provided an upper 1 i m i  t t o  the size 
o f  the central  source i n  the sense tha t  temporal var iat ions are 
assumed t o  be re la tab le  t o  the l i g h t  t rave l  time across the 
en t i re  central  source. Some controversy presently ex is ts  over 
the reproducabi 1 i t y  o f  indiv idual  reports o f  very short t imescale 
variations, but several act ive ga lact ic  nuclei have exhibited 
marked v a r i a b i l i t y  on timescales as short as about one day. 
The f i r s t  report  o f  such var ia t ion which was comfortably outside 
the realm o f  possible systematic uncertaint ies o r  s t a t i s t i c a l  
f lukes was from the nearby Seyfert NGC 4151 (Mushotzky, Hol t  
and Serl emi tsos, 1978). The impl i c a t  ions o f  short t imescale 
v a r i a b i l i t y  have been discussed by Cavallo and Rees (1978) 
insofar as they can be related t o  the e f f i c iency  wi th which 
X-radiation can be produced. A dimension f o r  the central source 
o f  the order o f  a 1 ight-day impl i es  an e f f i c iency  f o r  X-ray 
production o f  order f o r  the Seyfert sources. 

Data from the A-2 experiment provided a surpr is ing consistency 
i n  the spectra o f  Seyfert galaxies. Mushotzky, e t  al. (1980) 
found that  a sample o f  seven, ranging over two orders o f  magnitude 
i n  luminosity, could a l l  be w e l l - f i t  wi th the same power-law 
index (and bet ter  f i t  wi th a power law than wi th  a hot isothermal 
spectrum). The sample has since been extended t o  about two 
dozen, wi th a b e s t - f i t  at=0.7+.1 (where the er ror  i s  the rms 
deviat ion o f  a l l  the indiv idual  best f i t s ,  and i s  smaller than 
the typ ica l  indiv idual  error) .  Data from a sanple o f  eleven 
Seyferts measured w i th  the SSS are generally consistent ~ 4 t h  



the same indices, as ind icated i n  Figure 1, but the d ispers ion 
i n  ind ices i s  c l e a r l y  larger .  A l l  but NGC 4151 (see below) 
were f i t  w i th  a simple power-1 aw-plus-uniform-absorber. 

Figure 1. B e s t - f i t  power-law indices t o  Seyfert  galaxies measured 
w i t h  the HEAO-1 A-2 experiment, and w i t +  the SSS. The c i r c l e s  are 
the 4 highest luminosi ty  objects i n  the sample, the t r i ang les  the 
4 w i t h  lower luminosi ty  t ha t  have t r a d i t i o n a l l y  been l abe l l ed  
Seyfert I ( inc lud ing  NGC 4151), and the squares even lower 
luminosi ty  sources usua l ly  c l a s s i f i e d  as emission l i n e  galaxies, 
but  which have recen t l y  been observed t o  e x h i b i t  broadened wings 
i n  permit ted o p t i c a l  l i n e s  (3 .  Huchra, p r i va te  comnunication). 

The t y p i c a l  X-ray power law index i s  approximately one 
u n i t  f l a t t e r  than the t y p i c a l  o p t i c a l  index f o r  Seyferts, and 
the b r i g h t  Seyfert  ESO 141 was the on ly  Seyfert measured w i t h  
HEAO-1 t o  e x h i b i t  (occasional ly)  a steepening below 5 keV which 
might be p laus ib l y  re la ted  t o  an ex t rapo la t ion  o f  the  o p t i c a l  
index i n t o  the s o f t  X-ray band. The r ight-most po in t  i n  Figure 
1 i s  the same source (where the HEAO-1 index on the v e r t i c a l  
scale i s  t ha t  measured above 5 keV f o r  the source). The remainder 
o f  the s i g n i f i c a n t  dispersion f o r  the SSS data i s  due t o  the 
lowest luminosi ty  sources, which seem t o  have f l a t t e r  SSS than 
HEAO-1 spectra. This may be "explainable" i n  terms of the 
de ta i l ed  i n te rp re ta t i on  o f  the high prec is ion  SSS data from NGC 
4151. 
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Figure 2. Raw (background-subtracted) SSS data f o r  NGC 4151 f i t 
wi th  three t r i a l  spectra. The top t race represents a s ing le  power 
law w i th  a uniform co ld  absorber i n  the l ine-o f -s igh t .  The second 
t race has the s i  1 icon abundance i n  the absorber increased 
by an order o f  magnitude, and oxygen completely i o n i z t j .  The 
bottom trace, which i s  the on ly  one o f  the three f i t s  which i s  
acceptable, has almost the same parameters as the top t race  except 
f o r  the f a c t  t ha t  the absorber has "holes" over ~ 1 0 %  of the source. 

The three traces o f  Figure 2 a l l  represent the same raw 
(background-subtracted) data, f i t  w i th  three d i f f e r e n t  models. 
The top t race i s  the "standard" power-1 aw-pl us-uniform-absorber , 
which matches the data we l l  above - 2  kev, but  f a i l s  t o  reproduce 
the detect ion a t  lower energies. Since the higher 4-2 energy 
range i s  less sens i t i ve  t o  absorption, and since the power-law 
index i s  apparently independent o f  instantaneous i n t e n s i t y  
(Mushotsky, Ho l t  and Serlemitsos, 1978). we have f i x e d  the 
index atQC=0.55 i n  the SSS analysis, i .e . ,  the b e s t - f i t  A-2 
index when Fe K-absorpt ion  and f 1 uorescent re-emi ss ion  are 
considered (consis tent  w i th  t h i s  approach, the NGC 4151 po in t  
i n  i i ~ u r e  1 a t  O C z . 5 5  has no hor izonta l  e r r o r  bars). The 
second t race  i s  an unsuccessful attempt t o  reproduce the experimental 



data by a1 lowing the  un i form absorber t o  d i sp lay  pecul f a r  elemental 
abundance and i o n i  t a t  ion-s ta te  parameters. F ina l  ly ,  the bottom 
t race i s  a successful f i t  t o  the data which ar ises  from the 
assumption t h a t  the absorber has "leaks" a t  the  10% level .  As 
described i n  d e t a i l  by Ho l t  e t  a l .  (1980), the spectroscopic 
analysis o f  NGC 4151 allows us t o  i n f e r  several cha rac te r i s t i cs  
o f  the source which imaging alone cannot: the approximate 
spherical  symnetry of the broad- l ine region (from the  r a t i o  o f  
f luorescent Fe K-emission t o  Fe K-absorption measured w i t h  the 
A-2 experiment), the approximate 90% "covering f a c t o r M  o f  the 
broad-1 ine  clouds, and the consistency w i t h  a scenario i n  which 
the clouds are smaller than the source. I n te res t i ng l y ,  t h i s  
l a s t  po in t  n a t u r a l l y  explains the observed v a r i a t i o n  i n  apparent 
absorption o f  NGC 4151 data >2 keV taken a t  d i f f e r e n t  times 
(e.9. Barr, e t  a l .  1977) as j u s t  the Poisson s t a t i s t i c a l  var ia t ions  
i n  a t o t a l  o f  -100 clouds which cover the source along our l i n e  
o f  s ight ,  w i t h  an average thickness of -2  clouds. Remembering 
t h a t  the distance a t  which the clouds are found scales l i k e  the 
square r o o t  of the cen t ra l  source luminosity,  i t  would no t  be 
surpr is ing  i f  the more luminous Seyferts (and quassrs) g ive  no 
h i n t  o f  absorption when f i t  t o  the "standard" model, because 
the covered f r a c t i o n  would be low, whi le  the  low luminos i ty  
Seyferts would appear t o  have somewhat f l a t t e r  spectra a t  low 
energies, because the absorption would be on ly  p a r t i a l  and 
would not e a s i l y  be recognized as such. It i s  conceivable, 
therefore, t ha t  the most s t ra ight forward ex t rapo la t ion  o f  the 
NGC 4151 p i c tu re  revealed from the SSS data gives a na tura l  
explanat ion f o r  the lack o f  absorpt ion i n  the  h igh  luminosi ty  
sources, and the apparent f l a t t e n i n g  of the SSS spectra o f  the  
low luminosi ty  sources. We should always bear i n  mind, however, 
the danger o f  general iz ing too broadly from the most e a s i l y -  
studied class members t o  in fe r  c lass propert ies. I n  some cases 
the prototypes are the most e a s i l y  studied simply because they 
are the most closeby; i n  others, such as the Crab nebula as a 
supernova prototype, t h e i r  h igh  X-ray f luxes a r i se  from t h e i r  
anomalous ra the r  than t h e i r  c lass proper t ies.  

I n  contrast  t o  the r e l a t i v e  un i fo rmi ty  i n  the Seyfert  
spectra, the BL Lac sources form, a t  f i r s t  glance, a f a i r l y  
diverse sample. Spectral components w i th  4v3 and ct-0 have been 
reported, sometimes from the same source a t  the same time over 
d i f f e r e n t  energy bands. Much more var iab le  i n  i n t e n s i t y  as 
wel l  as spectrum than the Seyferts, the 3 keV d i f f e r e n t i a l  
1 urninosi t y  of BL Lacs can e a s i l y  change by more than an order 
of magnitude, whi le  a Seyfert v a r i a t i o n  o f  more than a fac to r  
of two i s  the exception rather  than the ru le .  A de ta i led  study 
of the spectra of the f i v e  BL Lacs w i t h  i n t e n s i t y  greater  than 
about 10-3 o f  the Crab nebula, measured w i t h  both the A-2 experiment 
and the SSS, has revealed tha t  the spectra below -3-5 keV can 
always be f i t  w i t h  a steep ( e 2 )  spectrum. Occasionally, i n  
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a;~proximately 115 of  the measurements o f  a l l  BL Lac spectra we 
have, a harder spectrum i s  measured a t  h igh energies. This 
suggests a synchrotron o r i g i n  f o r  the low energy component, and 
a self-Compton o r i g i n  f o r  the more variable high energy component. 
A var ie ty  o f  consistency checks f o r  the source PKS 2155, including 
an examination o f  the overa l l  spectrum a t  a l l  frequencies as 
well  as the high e f f i c iency  implied by the short-term temporal 
variations, have been found by Urry, t?t a1 (1980) t o  be consistent 
wi th such a picture.  The rad io  loudness and the v io lent  v a r i a b i l i t y  
o f  BL Lacs are qu i te  independent reasons f o r  expecting that  a 
synchrotron source i s  more 1 i ke l y  t o  be associated wi th  BL Lacs 
than wi th Seyferts. 

Figure 3. Bes t - f i t  spectral indices o f  BL Lac sources, as a 
f u n c t i ~ n  o f  luminosity ( log base 10) i n  a 1 keV band at 3 keV. 
Each shape represents a d i f f e ren t  source, wi th the f i l l e d  shapes 
representing SSS data points. The open shapes are data taken wi th 
the HEAO-1 A - 2  experiment (L representing data taken with the 
low-energy LED detectors). The three points wi th 4+16 1.4 were 
a11 obtained as h i gh  energy hard components, i n  addit ion t o  Steeper 
spectra measured below 5 keV ccncurrently. as indicated by 
the dashed l ines.  



The quasars f o r  which we have spectral information const i tu te  
a considerably more meager sample o f  the detected t o t a l  than do 
e i ther  the Seyferts o r  BL Lacs. More than 100 quasars have now 
been observed wi th the Einstein imaging experiments (Tarnorani, 
e t  al.  19801, but most are much too weak f o r  spectroscopic 
interrogation. 3C 273 has the same 480.4 index i n  the SSS 
ener y range as i t  does a t  higher energies (Worrall, e t  al.  
19793 and QSO 0241 has an SSS index consistent w i th  the S = l  
measured by A-2 (Worrall, e t  a l .  1980). although the heavy 
obscuration through the ga lact ic  plane makes the SSS spectral 
s e n s i t i v i t y  less constraining f o r  t h i s  source. Other quasars 
(or  extreme Seyfert 1 or N galaxies which have sometines been 
labeled quasars) f o r  which SSS spectra have been obtained tend 
t o  be s l i g h t l y  steeper than the Se f e r t  I "universalNQt*0.7 
(e.9. F a i r a l l  9, I C  4329A, I11 ZW2 3 , but the t o t a l  sample i s  
too small t o  attempt any strong conclus~ons. 

Figure 4 ,  SSS data from the Seyfertlquasar I C  4329A. The 
top trace i s  the raw data f i t  wi th a power law of az.86 masked 
by precisely the amount of  cold gas (mostly i n  i t s  own galaxy) 
inferred from the reddening. The bottom trace i s  the raw 
data o f  the top trace formally inverted through the SSS 
response function t o  d isplay the incident spectrum a t  the 
detector. 



Additional data which may help t o  suggest sow i n i t i a l  
categorlzat ion scheme i s  the recent r esu l t  from the Einstein 
imaging data that  the radio-loud quasars seem t o  exh ib i t  an 
effective spectral index 00, from point  measurements i n  the 
opt ica l  and s o f t  X-rays of approximately 1.3, while the radio-quiet 
quasars exh ib i t  a considerably steeper index, i .e. O 
The l a t t e r  represent more than 90% o f  quasars, and i P~-:'.'* 1s 
in terest ing that  t h i s a o x  i s  consistent w l th  the average opt ica l  
index for  Seyferts (i.e., one u n i t  steeper than the X-ray 
index). I n  view o f  the many s i m i l a r i t i e s  previously noted 
between Seyfert 1 and radio-quiet quasars, one might even 
make the tentat ive suggestion tha t  the steep low energy component 
observed i n  ESO 141, one o f  the very br ightest  o f  the Seyfert I 
galaxies i n  X-rays, i s  a manifestation of the sme ef fec t  
responsible f o r  the fac t  that  radio-quiet QSOs seem t o  exh ib i t  
spectra s l i g h t l y  steeper than do the Seyfert 1 galaxies. 
The detai led modeling o f  X-ray transport out of radio-quiet 
quasars and Seyferts may have t o  accomnodate t h i s  apparent 
s l i gh t  softening i n  spectrum with luminosity. 
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Figtlre 5 .  S~rm3ry of  s p c t r d f  index measurements reported 
here for  t i w  ..e classes o f  compact extragalact ic sources. 

Conversely (or s imi lar ly ,  depending u on your pojnt of 
v iew), the radio-loud 950s may be associab y e with the EL l a c s .  
I n  t h i s  case, the rcl a t  i ve l y  f l a t  3C 273 specti-un may represent 
the Compton-scat tered component, whi l c  many radio-loud quasar 



b r a y  spectra may be of the much steeper spectral form suggested 
above t o  ar ise from synchrotron emission. It should be remembered, 
however, that  the smallerQb, f o r  the rad io  quasars suggests 
that  i t  i s  t he i r  Compton components which are k i n g  observed. 
Further, the higher redsh i f t s  o f  the f a i n te r  ( i n  apparent X-ray 
in tens i t y )  objects imp1 ies  an X-ray smp l i ng  a t  htgher energies 
at  the source, which s l i g h t l y  complicates the in terpreta t ion 
given above f o r  the radio-quiet quasar spectra. Mevertheless, 
the associations made here between the Scyferts and radio-quiet 
quasars, and the BL Lacs and radio-loud quasars, remain plausible, 
if not completely j u s t i f i e d  i n  a l l  respects. 

F ina l ly ,  the extent t o  which the d i f fuse  X-ray background 
(XRB) may be connected t o  X-ray emission from quasars must be 
addressed. There are several relevant constraints t o  consider, 
i n c l u d i n ~  spat ia l  f luctuat ions,  spectra and luminosity functions. 
The f l u t t ~ a t i o n  analyses performed t o  date depend t o  some extent 
upon the evolut ion o f  the quasar popblation, and w i l l  not be 
addressed here. The op t i ca l  luninosi  t y  funct ion indicated, 
even before Einstein, that  the XRB might eas i l y  be explainable 
from the superposition o f  indiv idual  quasars. Stti and Wo' jer  
(1979). f o r  example, suggested tha t  i f  3C 273 and F a i r a l l  9 
were representative quasar X-ray mi t ters,  current estimates of  
the density evolut ion o f  the quasar population a t  high redsh i f t  
would assure 'that the XRB would be e n t i r e l y  explained well  
before 23rd magnitude. The ear l y  Einstein imaging resu l t s  
seemed t o  bear t h i s  out, as approximately 25% o f  the -1 keV 
XRB i s  reconciled wi th quasars detectable w i th  Einstein s e n s i t i v i t y  
(Gi acconi , e t  a1 . 1979). 

The spectral resu l t s  may represent the most formidable 
obstacle t o  complete reconc i l ia t ion.  The XRB spectrum has been 
measured wi th  high precis ion by Marshal 1, e t  a1 . (1980) between 
3 keV and 60 keV. Below 3 kev the e f fec ts  o f  galact ic  contamination 
(both i n  absorption and emission) do not al low a useful measure 
o f  the XRB spectrum, and the counter e f f ic iency o f  the A-2 
detectors i s  too low above 60 keV. fhe data i n  t h i s  energy 
range are remarkably w e l l - f i t  by a bremsstrahlung temperature 
o f  about 40 KeV, and d e f i n i t e l y  cannot be f i t  wi th  a s ingle 
power-law. It i s  important t o  note several d i f ferent  points 
about t h i s  XWB spectrum. F i rs t ,  I t  indicates tha t  the large 
f r ac t i on  o f  the energy density i n  the XRB i s  310 key. Second, 
the aforementioned e f fec ts  o f  the galaxy render a measure of 
the spectrum below 3 keV impossible, so that  any attempt t o  
reconci le a potent ia l  source wi th the XRB below 3 keV i s  faced 
wi th the necessity o f  assuming an extrapol at ion t o  1 0 ~ r  energies, 
i n  add1 t i o n  t o  performing the consistency check f a r  from where 
the energy density peaks. Thlrd, measurements made at s t i l l  
highe!- energies ( 7100 kelt) wi th r,ther instruments indi t  ate 
that  the XRB measurcd here exceeds the extrapolat ion of the 
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thermal spectrum, This suggests tha t  the apparent themal  
component i s  only one o f  a po ten t i a l l y  large set of contr ibutors 
t o  the t o t a l  XRB, but that  l t  deserves spr- la1 consideration 
because the energy density i s  highest there. 

The -25% contr ibut ion from quasars nesr 1 keV i s  based 
uQon an extrapolat ion o f  t h i s  themal  spectrum t o  lower energies. 
If t h i s  f rac t ion  (or a higher one) i s  correct, then the r e a l i t y  
of a t rue substantial thermal component t o  the XRB i s  i n  cons+derable 
doubt, since a large non-thermal spcctreal component subtracted 
from a thermal one w i l l  not y i e l d  a net thermal spectrum. It 
i s  important t o  appreciate, however, tha t  the actual composite 
XRB i n tens i t y  at 1 keV i s  not measurable, and may far exceed 
the extrapolat ion of the thermal spectrum i f  the quasar spectra 
are steep. Holt (1980) has care fu l l y  considered the e f fec ts  of  
synthesizing an XRB sptctrum from Seyfert, quasar and c lus ter  
spectra s imi lar  t o  those measured from indiv idual  members o f  
these classes t o  determine the extent t o  which an apparent 
thermal component may s t1  11 contribute; surprisingly, approximately 
80% of the XRB in tens i t y  i n  the peak energy derlsi t y  range can 
s t l l l  ar ise from t h i s  component. Even though the t o t a l  XRB 
s s t j t a n t i a l l y  exceeds It at  both higher and lower energies 
owing t o  the contributons from active g a l # t i c  nuclei, the 
apparent thermal component can st1  11 be preserved even af ter  a 
1 arge quasar cont r ibut ion i s  removed. 

This analysis suggests that  the XRB near 1 keV i s  t r u l j  
dominated by quasars, but that  the XRB i n  the rmge  where i t s  
energy density peaks may have a quasar contr ibut ion o f  no m r e  
than -10%. The o r i g i n  of the apparent thermal comQonent responsible 
for  the large f rac t ion  of the XRB i s  not specified, however. 
Nor i s  the necessity o f  i t s  thermal form: t h i s  m a l y s i r  I s  
meant only t o  damnstrate that  a l l  of the avai lable data are 
not inconsistent w i th  an apparent thermal component which can 
supply more than 3/4 of the XRB in tensi ty.  

It i s  un l i ke ly  tha t  t h i s  component arises i n  a hot  in te rga l rc t i c  
medium, for  theoret ical  reasons discussed by many authors. I t  
i s  d i f f i c u l t  t o  reconci le t h l s  component wi th quasars, based 
upon the tenta t ive  conclusions regardin the spectra o f  act ive 
galact ic  nucle i  discussed above. Only 3 C 273, r r8dio-loud 
quasar, can match the XRB spectrum, i f  i t  i s  r edsh l f t t d  t o  z pl 
(and then the consistency check can be performed over a dynmic 
range of only about 1/4 of tC: 3-60 keV in terva l ) .  Figure 6 
i l l u s t r a t e s  the f u t i l l t y  of  attemptin t o  f i n d  a universal 
pover-law component w i th  which the XR ! can be fit. M r e  r e r l i s t i c a l l y ,  
Cavrliere, e t  al.  (1979) have attempted t o  determine what combination 
of near-power-law spectra might work. Their malys fs  sug ests t not only that  a-0.4 components must sharply cu to f f  4100 eV if 
they dominate 710 keV, but also that  the sof ter  spectra reviemd 



here must cons iderab ly  steepen t he  ne t  XRB spectrum a t  lower 
energies. Unless quasars a t  l a rge  r e d s h i f t  have spec t ra  ve ry  
d i f f e r e n t  than the a c t i v e  g a l a c t i c  n u c l e i  which we can i n t e r r o g a t e  
1 0 ~ 3 1  l y  (e.g. i f  they  e x h i b i t  near-bremsstrahlung spect ra  o f  
i00-200 keV a t  the source), i t  w i l l  be exceeding ly  d i f f i c u l t  t o  
conv inc ing ly  synthesize the  XRB spectrum from them. 

The pos tu l a t i on  of quasars w i t h  X - r a j  spec t ra  very d i f f e r e n t  
a t  e a r l y  epochs than those of l o c a l  a c t i v e  g a l a c t i c  n u c l e i  may 
be the  u l t i m a t e  r e s o l u t i o n  o f  the d i f f i c u l t y ,  bu t  a more n a t u r a l  
exp lanat ion has r e c e n t l y  heen suggested by Bookbinder, e t  a1 . 
(1980). I f  very  young ga lax ies  are r i c h  i n  supernovae and 
b i na ry  X-ray sources, they should g i ve  r i s e  t o  in tense  g a l a c t i c  
winds a t  temperatures o f  the  order  of 100-200 keV. Because 
t h i s  exp lanat ion meets t he  spec t ra l  cons t ra i n t s  o f  the XRB w i t h  
an o r i g i r !  which n a t u r a l l y  a r i ses  a t  z > l ,  i t  i s  a ve ry  a t t r a c t i v e  
a l t e r n a t i v e  t o  the quasar hypothesis.  I t  w i l l  remain f o r  t h e  
next generat ion of X-ray astronomical  i ns t rumenta t ion  t o  s e t t l e  
the  quest ion unambiguously. 
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