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ABSTRACT 

W e  r e p o r t  on  t h e  s t a t u s  o f  o u r  p r o g r a m  t o  o b t a i n  s i m u l -  
t a n e o u s  m u l t i f r e q u e n c y  s p e c t r a  of  BL Lac o b j e c t s  and v i o l e n t l y  
v a r i a b l e  q u a s a r s  from t h e  X-ray through r a d i o  wavebands. W e  
i l l u s t r a t e  t h e  impor tance  of t h e  u l t r a v i o l e t  d a t a  i n  d e f i n i n g  t h e  
o v e r a l l  shape  of o p t i c a l l y  t h i n  s y n c h r o t r o n  e m i s s i o n ,  i ts  r e l a -  
t i o n  to  t h e  X-ray e m i s s i o n ,  and t h e  d e t e r m i n a t i o n  of b a s i c  phys i -  
c a l  p a r a m e t e r s  of  t h e  continuum e m i t t i n g  reg ion .  

INTRODUCTION 

W e  have been pursu ing  a  program of o b t a i n i n g  u l t r a v i o l e t  
o b s e r v a t i o n s  of  BL Lac o b j e c t s  and v i o l e n t l y  v a r i a b l e  q u a s a r s  
t h a t  a r e  s i m u l t a n e o u s  w i t h  o b s e r v a t i o n s  made i n  t h e  r a d i o ,  
i n £  r a r e d ,  o p t i c a l ,  and X-ray reg ions .  E leven  s o u r c e s  have been 
obse rved  i n  t h i s  m u l t i f r e q u e n c y  mode, most of them more t h a n  
once ,  and a  few u n u s u a l l y  a c t i v e  s o u r c e s  many t imes .  The g e n e r a l  
g o a l  o f  t h i s  p r o g r a m  i s  t o  d e v e l o p  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  
continuum e m i s s i o n  i n  t h e s e  sources .  I n  p a r t i c u l a r ,  w e  a r e  
concerned  w i t h  d e t e r m i n i n g  t h e  fundamenta l  p r o p e r t i e s  i n  t h e  
non the rmal  continuum e m i t t i n g  r e g i o n s  ( s i z e ,  magne t i c  f i e l d ,  
d e n s i t y ,  bu lk  mot ion)  and t h e  r e l a t i o n s h i p  between t h e  e m i t t i n g  
r e g i o n s  which dominate  t h e  observed f l u x  i n  t h e  v a r i o u s  wavebands 
( r a d i o ,  u l t r a v i o l e t ,  X-ray). Here we summarize t h e  p r o g r e s s  t h a t  
w e  h a v e  made i n  t h i s  p rogram.  

The a p p r o a c h  o f  o b t a i n i n g  d a t a  a c r o s s  a s  much o f  t h e  elec- 
t r o m a g n e t i c  spect rum a s  is p o s s i b l e  r e q u i r e s  a  v a r i e t y  of i n s t r u -  
ments  on a  v a r i e t y  of  t e l e s c o p e s .  Due to  t h e  l i m i t a t i o n  o f  
t e l e s c o p e s  and d e t e c t o r s ,  n i n e  d i f f e r e n t  t e l e s c o p e s  have been 
u s e d  t o  o b t a i n  d a t a  f r o m  1 0 ~ - 1 0 ~ ~ ~ z ,  w h i c h  i s  t h e  r a n g e  o f  
f r e q u e n c i e s  t h a t  w e  a t t e m p t  t o  sample. I t  is o b v i o u s l y  impos- 
s i b l e  f o r  one group to  o b t a i n  a l l  t h e  n e c e s s a r y  d a t a ,  and w e  a r e  
d e e p l y  i n d e b t e d  t o  our  c o l l a b o r a t o r s ,  who have been e s s e n t i a l  i n  
t h e  s u c c e s s  of  t h i s  p r o j e c t  (Table  1). 

RESULTS 

Due t o  t h e  l i m i t a t i o n  of i n s t r u m e n t s  a s  w e l l  a s  e x t i n c t i o n  
due to  t h e  a tmosphere  and i n t e r s t e l l a r  gas ,  e m i s s i o n  f r o m  quasars  
was c o n v e n i e n t l y  d i v i d e d  up i n t o  t h r e e  s e c t r a l  r e g i o n s ,  which 

1P broad ly  speak ing ,  a r e  t h e  r a d i o  (lo8-10 H z ) ,  t h e  o p t i c a l  (10''- 
I O ~ ~ . * H Z ) ,  and t h e  X-ray r e g i o n s  ( 1 0 1 6 - 5 - 1 0 1 8 ~ ~ ) .  ~ l t h ~ ~ ~ h  f a r -  
i n f r a r e d  and s u b m i l l i m e t e r  o b s e r v a t i o n s  a r e  now a b l e  t o  p r o v i d e  
d a t a  i n  t h e  gap between t h e  o p t i c a l  and r a d i o  r e g i o n s ,  i t  is 
s t i l l  u s e f u l  t o  c o n s i d e r  t h e  t h r e e  r e g i o n s  s e p a r a t e l y .  



The  r a d i o  c o n t i n u u m ,  w h i c h  is  f a i r l y  f l a t  i n m o s t  o f  o u r  
s o u r c e s ,  is p r o b a b l y  c r e a t e d  by s e v e r a l  p a r t i a l l y  o p t i c a l l y  t h i c k  
s y n c h r o t r o n  s o u r c e s  (e.g. C o t t o n  e t  al .  1980) .  The  IR-UV 
cont inuum,  which p r o b a b l y  a r i s e s  f r o r o p t i c a l l y  t h i n  s y n c h r o t r o n  
e m i s s i o n ,  is s t e e p e r  t h a n  t h e  r a d i o  cont inuum. B e f o r e  d a t a  i n  
t h e  f a r - i n f r a r e d  gap  was a v a i l a b l e ,  t h e  m u l t i f r e q u e n c y  d a t a  sug-  
g e s t e d  t h a t  t h e  change  i n  s l o p e  o c c u r r e d  i n  t h e  1010-1012*5 Hz 
r e g i o n  (Bregman -- e t  a l .  1983, G l a s s g o l d  e t  al.  1983,  Bregman e t  -- - 
al .  1984). N o w  t h a t  d a t a  h a s  become a v a i l a b l e  i n  t h i s  f a r -  - 
i n f r a r e d  gap ,  t h e  r e g i o n  of t h e  s p e c t r a l  t u r n o v e r  c a n  be  l o c a t e d  
w i t h  g r e a t e r  a c c u r a c y  and is n e a r  300 GHz f o r  O J  287 and  3C 345, 
and 0V-236 (Fig.  1). Because  t h e  r a d i o  r e g i o n  is known to  be  
o p t i c a l l y  t h i c k  w h i l e  t h e  o p t i c a l  r e g i o n  is  n o t ,  it is o f t e n  
s u g g e s t e d  t h a t  t h e  f r e q u e n c y  of t h e  s p e c t r a l  b r e a k  o c c u r s  where  
t h e  o p t i c a l  d e p t h  f i r s t  r e a c h e s  u n i t y .  I f  c o r r e c t ,  t h e  l o c a t i o n  
o f  t h e  s p e c t r a l  b r e a k  r e g i o n  is of  f u n d a m e n t a l  i m p o r t a n c e  to  
d e t e r m i n i n g  t h e  p r o p e r t i e s  o f  t h e  cont inuum e m i t t i n g  r e g i o n .  

Because  t h e  IR-UV e m s s i o n  is o p t i c a l l y  t h i n  s y n c h r o t r o n  
r a d i a t i o n ,  i t s  s h a p e  y i e l d s  i n f o r m a t i o n  on  t h e  e n e r g y  d i s t r i b u -  
t i o n  of  t h e  e l e c t r o n s  r e s p o n s i b l e  f o r  t h e  e m i s s i o n .  The s l o p e  of 
t h e  cont inuum i n  t h e  i n f r a r e d  and f a r - i n f r a r e d  r e g i o n  c a n  u s u a l l y  
b e  f i t  w i t h  a  s i n g l e  p o w e r - l a w  w i t h  a  s l o p e  o f  a b o u t  -1, a l t h o u g h  
t h e  s l o p e s  r ange  f rom -0.7 t o  -1.5 i n  o u r  sample.  Some s o u r c e s  
show l i t t l e  o r  no s p e c t r a l  s t e e p e n i n g  i n  t h e  o p t i c a l  and u l t r a -  
v i o l e t  r e g i o n s  (IZw-187; Bregman e t  a l .  1983) ,  some d i s p l a y  s l o w  -- 
b u t  s t e a d y  s p e c t r a l  s t e e p e n i n g  (e.g. O J  049) ,  w h i l e  o t h e r s  d i s -  
p l a y  e x t r e m e l y  r a p i d  s t e e p e n i n g  i n  t h e  u l t r a v i o l e t  r e g i o n  (BL Lac  
and 3C 446). F u r t h e r m o r e ,  t h e  s h a p e  o f  t h e  IR-UV cont inuum is 
g e n e r a l l y  p r e s e r v e d  when t h e  s o u r c e  changes  i t s  b r i g h t n e s s ,  
a l t h o u g h  s p e c t r a l  v a r i a t i o n  is sometimes d e t e c t e d  (1156+295, 
G l a s s g o l d  -- e t  a 1  1983; 0735+178, Bregman e t  a 1  1984) .  -- 

One of t h e  most  common broad-band f e a t u r e s  s e e n  i n  t h e  
o p i c a l - u l t r a v i o l e t  s p e c t r u m  of n o n - v a r i a b l e  q u a s a r s  is  t h e  3000 A 
bump. T h i s  f e a t u r e  is g e n e r a l l y  a b s e n t  i n  o u r  s a m p l e ,  w i t h  t h e  
e x c e p t i o n  o f  t h e  BL L a c  o b j e c t  IZw-187,  w h i c h  h a s  a  weak 3000 A 
bump (Bregman -- e t  a l .  1983) .  W e  a r g u e d  t h a t  a t  3000 A bump i n  a 
BL L a c  o b j e c t  w o u l d  b e  e v i d e n c e  t h a t  t h e  bump is  n o t  a s s o c i a t e d  
w i t h  e m i s s i o n  l i n e  g a s ,  a s  h a s  been s u g g e s t e d  (e.g. G r a n d i  1982) .  
However, d u r i n g  a  s u b s e q u e n t  o b s e r v a t i o n  o f  t h i s  s o u r c e ,  weak 
o p t i c a l  e m i s s i o n  l i n e  were d i s c o v e r e d  t h a t  had n o t  p r e v i o u s l y  
been  d e t e c t e d .  

Another  f e a t u r e  o f  i n t e r e s t  is t h e  e x t r e m e l y  s h a r p  t u r n o v e r  
s e e n  i n  t h e  s p e c t r u m  o f  BL Lac and 3C 446. T h i s  t u r n o v e r ,  which  
would n o t  have been d i s c o v e r e d  w i t h o u t  u l t r a v i o l e t  o b s e r v a t i o n s ,  
i s  s i m i l a r  i n  s h a p e  t o  t h a t  f o u n d  i n  t h e  c l a s s  o f  o b j e c t s  known 
as  Red QSOs. The d i f f e r e n c e  is t h a t  t h e  t u r n o v e r  o c c u r s  i n  t h e  
i n f r a r e d  r e g i o n  f o r  Red QSOs i n s t e a d  o f  i n  t h e  u l t r a v i o l e t  
r e g i o n .  The t u r n o v e r  h a s  been  a t t r i b u t e d  to  an  a b r u p t  c u t o f f  i n  
t h e  e l e c t r o n  d i s t r i b u t i o n  f u n c t i o n .  The l o c a t i o n  of t h e  t u r n o v e r  
d e p e n d s  n o t  o n l y  upon t h e  m a g n e t i c  f i e l d  b u t  upon  t h e  e n e r g y  o f  
t h e  e l e c t r o n s ,  which h a s  proved  a n  e l u s i v e  p r o p e r t y  to  measu re  
(Bregman e t  al.  1981, Beichman e t  a1 1981) .  -- -- 



The  m u l t i f r e q u e n c y  s p e c t r a  c a n  be  u s e d  to  d i s c u s s  t h e  con- 
n e c t i o n  b e t w e e n  t h e  IR-UV and t h e  X-ray r e g i o n s .  I n  o u r  s a m p l e ,  
t h e  u l t r a v i o l e t  con t inuum,  when e x t e n d e d  to  h i g h e r  f r e q u e n c i e s ,  
would n e a r l y  a l w a y s  p a s s  be low t h e  X-ray datum.  T h i s  implies  
t h a t  t h e  X-rays are n o t  s i m p l y  a n  e x t e n s i o n  o f  t h e  IR-UV e m i s s i o n  
( a l t h o u g h  IZw-187 is an  e x c e p t i o n  to  t h i s  r u l e ,  Bregman e t  al .  -- 
1983) .  I n  t h e  BL Lac  o b j e c t  0735+178 (Bregman et &. 1 9 8 4 ) ,  t h e  
l a c k  of v a r i a t i o n  i n  t h e  X-ray f l u x  d u r i n g  p e r i o d s  o f  v i o l e n t  
v a r i a b i l i t y  o f  t h e  IR-UV c o n t i n u u m  s u g g e s t  t h a t  t h e  X-rays are 
n o t  p roduced  c o s p a t i a l l y  by a d i f f e r e n t  p r o c e s s .  R a t h e r ,  t h e  X- 
r a y s  are p roduced  i n  an  e n t i r e l y  d i f f e r e n t  r e g i o n ,  p o s s i b l y  by a 
d i f f e r e n t  p r o c e s s .  Whether  t h i s  b e h a v i o r  is common f o r  t h i s  
class o f  o b j e c t s  is t h e  s u b j e c t  o f  o u r  c u r r e n t  program.  

We have  examined  t h e  c o r r e l a t i o n  o f  t h e  X-ray e m i s s i o n  w i t h  
t h e  o p t i c a l  a n d  r a d i o  f l u x  f o r  t h e  s a m p l e  o f  s o u r c e s  i n  w h i c h  t h e  
X-ray f l u x  c a n n o t  be an  e x t e n s i o n  o f  t h e  u l t r a v i o l e t  con t inuum.  
W e  f i n d  t h a t  t h e  X-ray e m i s s i o n  is b e t t e r  c o r r e l a t e d  w i t h  t h e  
r a d i o  f l u x  t h a n  w i t h  t h e  i n f r a r e d ,  o p t i c a l ,  o r  u l t r a v i o l e t  f l u x .  
T h i s  is s imi la r  to  f i n d i n g s  by Owen, H e l f a n d ,  and  S p a n g l e r  (1981)  
and  Zamoran i  e t  al .  (1981) f o r  d i f f e r e n t l y  s e l e c t e d  s a m p l e s .  
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A comparison o f  t h e  c o n t i n u u m  e m i s s i o n  b e t w e e n  BL Lac  
o b j e c t s  and  v i o l e n t l y  v a r i a b l e  q u a s a r s  y i e l d s  f e w  d i f f e r e n c e s .  
The  s p e c t r a l  s h a p e  o f  3C 446 is n e a r l y  i d e n t i c a l  to  t h a t  f o r  BL 
Lac ( a l t h o u g h  t h e  l u m i n o s i t y  is d i f f e r e n t ) .  S e v e r a l  BL L a c  
o b j e c t s  (e.g. IZw-187) a r e  v e r y  a b u n d a n t  i n  i o n i z i n g  p h o t o n s ,  so 
t h e  l a c k  o f  l i n e s  i n  t h e s e  s o u r c e s  m u s t  b e  d u e  t o  a l a c k  o f  
a v a i l a b l e  g a s ,  n o t  a l a c k  o f  i o n i z i n g  pho tons .  

The p h y s i c a l  c o n d i t i o n s  i n  t h e  o p t i c a l l y  t h i n  e m i t t i n g  
r e g i o n  c a n  be  d e t e r m i n e d  f r o m  t h e  m u l t i f r e q u e n c y  s p e c t r a  i f  o n e  
a d o p t s  a model ,  s u c h  as t h e  s y n c h r o t r o n - s e l f  -Compton mode l  (e.g. 
J o n e s ,  O ' D e l l ,  and  S t e i n  1974) .  I n  d o i n g  so, w e  f i n d  t h a t  t h e  
o p i c a l l y  t h i n  r e g i o n  h a s  a s i z e  b e t w e e n  a l i g h t  week  a n d  a f e w  
l i g h t  months ,  t h e  m a g n e t i c  f i e l d  is 0.1 - 100  G ,  and  t h e  L o r e n t z  
f a c t o r  o f  b u l k  m o t i o n  of t h e  e m i t t i n g  p l a s m a  i s  1-5,  T h e  e n e r g y  
o f  t h e  e l e c t r o n s  e x t e n d s  up to  a b o u t  1 0  GeV,  and  t h e  e n e r g y  
d e n s i t i e s  i n  e l e c t r o n s ,  p h o t o n s ,  and  m a g n e t i c  f i e l d  are compar-  
a b l e .  By compar ing  t h i s  to  VLBI d a t a ,  w e  see t h a t  t h e  r a d i o  
e m i s s i o n  comes f r o m  a l a r g e r  r e g i o n  o f  lower m a g n e t i c  f i e l d  a n d  
w h e r e  t h e  e n e r g y  d e n s i t y  is  n e a r l y  e n t i r e l y  i n  t h e  p a r t i c l e s  (e.g 
K e l l e r m a n n  and  P a u l i n y - T o t h  1981) .  - 
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