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About 350 nights'  observations on the  61-cm telescope a t  Pine M t .  Observa- 
tory were made of the variable polarization of Eps. Aurigae during 1982-85, in 
ths? {I, 8, and V color bands. The V data a r e  the  most complete and a r e  shown i n  
Figure 1 . Xw terms of the overall features t he  curves i n  . a l l  three colors a re  
q u i t e  similar.  The typical er rors  per n ight ly  point i n  the  V curves a r e  about 
0.015% fo r  e i t he r  of the two normalized, equatorial  Stokes parameters Q and U. 
Note t h a t  there  8s a large background o r  constant  component o f  some 2.5%. position 
angle around 135 . This i s  presumably la rge ly  i n t e r s t e l l a r ,  and the i n t r i n s i c  
ps'l ar iza t jon  probably does not much exceed t he  amp1 i tude of the variable component, 
~0.5%. We measured a few f ie ld-s tar  polar izat ions  but we did not get a very c lear  
pattern i n  t h i s  part  of the sky. (The s t a r s  closeby in  di rect ion,  w i t h i n  ~ 3 0  arc- 
min, seemed mostly t o  be i n  the  foreground, w i t h  small polarizations. A deeper 
s tudy is  needed.) 

Me see two major varia- t - I I I I - , 
t ion  patterns:  (1) An overall -Ill)(( A U E t O U  V polrrirtlea nma i 
oattern on the 1-year time I Q - P 00.6 
k a l e  of the  ecl ipse.  Aided 

od 
by a model, we indicate this 
by dashed curves i n  the Fig- 
ure. And ( 2 )  somewhat e r r a t i c  od 
osc i l l a t ions  on a 100-day 
time scale .  

The "I 80-day" s t ructure  0.4 
i s  almost surely connected 
with the primary s t a r ' s  pul- 
sa'tians --since, for example, o.2 
these f luctuations continue 
outside ecl ipse .  The ecl ipse  
process evidently in teracts  
i n  some way with the pulsa- 
t ional  polarization struc- 
ture and we cannot completely 
separate the two e f fec t s .  B u t  
the I-year interval  between 4.2 

2nd and 3rd contacts covers 
about three  gul sa t ion cycles, 
thus the s9 ow, long drop i n  da 
the Q Stokes parameter, a t  
1 eas t ,  is  surely due t o  the 
ecl i pse i t se l  f . 

Some rapid changes on 
time scales  of 1-5 days a r e  
a l so  seen. Nhlle there  a r e  a 
few cases of l a rge  e r rors ,  
t h i s  s t ruc ture  is  mostly 
r ea l ,  and suggests stochastic 
ac t iv i ty .  The minimum time 
scale seems to be e s ~  0.5 day. 



On a t  l e a s t  6 n igh ts  we fo l lowed t h e  o b j e c t  f o r  up t o  7 hours and found no changes 
l a r g e r  than AQAIAU -0.03% over such t ime spans. 

Models. We model t he  
e c l i p s e  p o l a r i z a t i o n  i n  terms 
o f  l i m b  p o l a r i z a t i o n  i n  the  
pr imary s ta r ,  modulated by rrannr 3 
t h e  passing dark cloud. For 
t h i s  we ignore  pu l sa t i on  and 
cons ider  the s t a r  as spher i -  -?eK- 
c a l  . See F i  gure 2. The s t a r  7 
i s  assumed t o  emi t  po la r i zed  C 

SUPERGIANT STAR 
l i g h t  concentrated s t r o n g l y  
on t h e  l imb,  due t o  i n t e r n a l  

I s c a t t e r i n g ,  w i t h  the  E vec- 
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t o r  p a r a l l e l  t o  the  l imb.  
Dur ing p a r t i a l  ec l i pse  t h i s  
mechanism gives a  non-vanish- EPSlLON LK;HT 
i n g  n e t  p o l a r i z a t i o n  (see 
e,g. Kemp e t  a1 1983, Ap.J., AURlGAE I 

The asymmetrical changes i n  t he  observed p o l a r i z a t i o n  du r i ng  t h e  ec l ipse ,  
e s p e c i a l l y  t he  slope i n  t he  Q parameter, r e q u i r e  t h a t  t h e  d i s k  must be t i 1  ted  o u t  
o f  t he  o r b i t a l  planp; and the  o r b i t  o f  t h e  system cannot be e x a c t l y  edge on, i .e. 
we must have i < 90 . I n  F ig .  2 we i n d i c a t e  t h e  non edge-on i n c l i n a t i o n  by an 
upward displacement h, o f  t h e  d i s k  on the  sky, r e l a t i v e  t o  a  li m p a r a l l e l  t o  t he  
o r b i t  p1 ane passing Through t h e  s t a r ' s  center .  For our model1 i n g  the  r e l e v a n t  
parameter i s  h/R, t he  f r a c t i o n a l  displacement o f  t h e  d i s k  ( a t  mid e c l i p s e )  from 
t h e  s t a r  center .  The d i s k  i s  t i p p e d  by an angle d . The as t rome t r i c  o r b i t  (van 
de Kamp 1978, A.J.. 83, 975) andicates t h a t  the  system i s  o r i en ted  on t h e  sky 
e s s e n t i a l l y  e a s t - w e s ~ ( 0 ~  95 ), and t h a t  t he  d i sk  p a ~ s e s ~ ~ f r o m  east  t o  west across 
the  s ta r ,  as drawn i n  Fig. 2. Note t h a t  some o f  our q u a l i t a t i ~ e  conclusions, ma in ly  
t h a t  t he  d i s k  i s  t i l t e d  r e l a t i v e  t o  the o r b i t  and t h a t  i f 90 , do no t  depend on - 
the as t rome t r i c  in fo rmat ion .  

Wi th an upward (northward) displacement h, and a  smal l  tilt (c(S1oO) i n  t h e  
d i r e c t i o n  shown i n  F ig.  2, j u s t  a f t e r  second con tac t  t h e  d i s k  covers ma in l y  t h e  
upper hemisphere o f  the s t a r ,  g i v i n g  a  r e l a t i v e l y  smal l  n e t  p o l a r i z a t i o n .  (Covering 
p r e c i s e l y  a  hemisphere g ives zero po la r i za t i on . )  The d i s k  then d r i f t s  downward. A t  
t h i r d  con tac t  i t  covers, say, a c e n t r a l  band on the  s t a r ,  w i t h  n o r t h  and south poles 
exposed. Th i s  g ives a  maximum p o l a r i z a t i o n ,  w i t h  E vec tor  approx imate ly  EW, cor res-  
ponding t o  a  ne a t i v e  Q o r  PQ ( r e l a t i v e  t o  the  i n t e r s t e l l a r  va l  ue) . This e f f e c t i v e  
d r i f t i n g  of t 4- e ec l ipsed zone on the  s t a r  thus accounts f o r  t he  s imp les t  f e a t u r e  
of  t h e  e c l i p s e  p o l a r i z a t i o n .  During ingress and egress, t he  t r a n s i e n t  motions .of t h e  
ec l ipsed zone produce r e l a t i v e l y  abrupt  a d d i t i o n a l  s t ruc tu re ;  p o s i t i v e  and negat ive  
peaks occur i n  t he  U parameter. Assuming a  d iameter j th ickness  r a t i o  o f  6 f o r  t h e  
d isk,  we generated a  few moddl Q and U curves fog severa l  values of h/R and d. The 
best f i t s  seemed t o  r e q u i r e  h/R *0.4 and d Y-5 . With an o r b i t  r8d ius  o f  13 AU 
and a  pr imary s t a r  rad ius  o f  1  AU, t h i s  h/R corresponds t o  i % 88 . The d i s k  t i l t  
angle d i s  smal l  enough so t h a t  an almost f l a t  l i g h t  curve-(between 2nd and 3rd  
contacts)  comes o u t  o f  t h e  model. (F igure  2 i s  no t  drawn q u i t e  t o  scale.  Deep i n  
e c l i p s e  the  d i s k  should cover 50% o f  the  s t a r . )  



Pulsa t iona l  s t r u c t u r e .  I n  the  l i g h t  curve, a  -100-day "pu lsa t ion"  pa t te rn  
i s  we l l  recognized, both i n s i d e  and outs ide ec l i pse ;  see e.g. E.F. Guinan's paper 
a t  t h i s  Workshop. A  p o l a r i m e t r i c  counterpart  i s  n o t  s u r p r i s i n g .  Because o f  poss ib l y  
subt le  i n t e r a c t i o n  between the ec l i pse  and the  pu l sa t i on ,  we should f i r s t  look a t  
the ou ts ide-ec l ipse  Q and U  curves a f te r  f o u r t h  c o n t a c t  -- a f t e r  approx. JD 
2445850 i n  F igure  1. Clear  ~ 1 0 0 - d a y  v a r i a t i o n  i s  seen i n  t h e  U parameter, and a  
less-c lear  and perhags weaker pa t te rn  i s  seen i n  Q. Since t h e  U parameter measures 
p o l a r i z a t i o n  i n  + 45 d i r e c t i o n s  '( i .e. i n  NE o r  NW d i r e c t i o n s ) ,  we must have non-radia l  
pu lsa t ions  w i t h  a n  e igenaxis  which i s  appreciably  t i p p y d  from the  o r b i t  normal on 
the sky (approximate ly  NS). We cannot say which d i r e c t ~ o n  t h e  eigenaxis i s  t ipped, 
i .e. toward NE o r  NW, w i thou t  a  complete model o f  t h e  p u l s a t i o n  p o l a r i z a t i o n  which 
must i nc lude  c o r r e l a t i o n  w i t h  the  photometric pu l sa t i on .  I n  F igure 2 we have shown 
the  pr imary s t a r ' s  s p i n  ax is ,  which we take t o  be t h e  e igenax is  o f  t he  pulsat ion,  
as t i l t e d  i n  t h e  NE d i r e c t i o n .  As w i l l  be seen, t h i s  cho i ce  i s  in f luenced by a  
connect ion w i t h  t h e  I U E  l i g h t  curves. 

The mechanism here i s  t h a t  the pr imary i s  a  r o t a t i n g  pu lsa tor ,  i n  which the  
pu lsa t ions  produce an expanding and con t rac t i ng  e q u a t o r i a l  be1 t o r  r i n g  . L i g h t  from 
the  s t a r  i s  sca t te red  by t h i s  r i ng ,  producing t h e  o s c i l l a t i n g  po la r i za t i on .  The r i n g  
i s  h i g h l y  i on i zed  w i t h  a  l a r g e  f ree-e lec t ron  dens i ty ,  g i v i n g  a  h igh  p o l a r i z i n g  
e f f i c i e n c y  and a lmost  color-independent p o l a r i z a t i o n .  

Connection w i t h  IUE l i g h t  curves: A  chromospheric b e l t ?  A t  t h i s  workshop, 
T. Ake has 'shown vacuum-ul t r a v i o l e t  1  iaht-curves o f  Eps. Auriqae's ec l  ipse, from 
IUE data. Over about t h e  range 1600-3060 #, these curves look-schemat ica l ly  as we 
show a t  lower r i g h t  i n  F igure 2. While the  v i s i b l e - l i g h t  curve i s  f l a t  ( i gno r ing  
here the  so-ca l led  mid-ecl ipse  br ightening) ,  t he  UV curves slope downward. Here i s  
s t rong evidence, separate from the  po la r i za t i on ,  f o r  a  pronounced asynnnetry i n  t he  
sys tem ! 

We exp la in  t h e  s lop ing  UV l i g h t  curves i n  terms o f  an i nc l i ned ,  UV-emitt ing 
b e l t ,  o r  r i n g ,  e n c i r c l i n g  the  pr imary s t a r ' s  equator -- the  same t i l t e d  r i n g  which 
we associate w i t h  the  pu l sa t i ona l  p o l a r i z a t i o n .  Because o f  t he  t i l t s  o f  both the  
secondary d i s k  and the  pr imary s t a r ' s  sp in  ax is ,  and t h e  s l i g h t l y  non edge-on 
i n c l  i na t i on ,  the ec l  i pse  o f  t h e  chromospheric be1 t i s  somewhat delayed, r e l a t i v e  
t o  the  e c l i p s e  o f  t he  s t a r ' s  approximately c i r c u l a r  photosphere. The d i s k ' s  shadow 
does n o t  f u l l y  cover t h e  b e l t  u n t i l  near t h i r d  contact .  

Eps i lon  Aurigae: A  complex, gyra t ing  system. The p o l a r i m e t r i c  p rope r t i es  of 
t h i s  system, combined w i t h  the  asymmetrical IUE l i q h t  curves, have shown i t  t o  be 
geometr icmlly more complex than anyone had thought; even a l l o w i n g  f o r  the  Cepheid- 
l i k e  pu lsa t ions  o f  t h e  primary. For example, bo th  t h e  secondary d i s k  and the  pr imary 
s t a r ' s  sp in  a x i s  must precess, because they a r e  t i 1  ted.  A  r i g id -body  est imate f o r  
t he  d i s k  precession t ime i s  around 1000 years. Note t h a t  t he  s p i n  and d i s k  d i r e c -  
t i o n s  o f  course l i e  i n  th ree  dimensions, w h i l e  i n  F ig .  2 we i n d i c a t e  b a s i c a l l y  
j u s t  t h e  pro jec ted  d i r e c t i o n s  on the  sky. Precession would cause successive ec l i pses  
t o  d i f f e r ,  a t  l e a s t  s l i g h t l y .  The 1928 e c l i p s e  had a  q u i t e  f la t -bot tomed l i g h t  
curve, J lh i le  the  recen t  1982-84 one had a  s t rong spec ia l  feature,  a  mid-ec l ipse 
br igh ten ing .  Gui nan ( t h i s  Workshop) has suggested t h a t  the  mid-ec1 i pse  b r i gh ten ing  
has t o  do w i t h  a  k ind  o f  c e n t r a l  gap i n  t he  secondary d isk ,  which momentari ly exposes 
the  pr imary s t a r .  We can t h i n k  o f  a precessing doughnut, which i n  1928 was almost 
e x a c t l y  edge on, so t h a t  no ho le  was exposed. By 1983 the  d i s k  may have precessed 
j u s t  enough so t h a t  we a r e  beginning t o  see through the  hole. Could we thus p r e d i c t  
t h a t  i n  2010 the  e c l i p s e  w i l l  show an even s t ronger  c e n t r a l  b r igh ten ing? 



Continuing observations. We are extending our po la r i za t i on  observations f o r  
probably a t  l e a s t  another year, w i th  a view t o  de f in ing  the outs ide-ecl ipse 
pulsational s t ruc ture .  This i s  extremely important, and we issue a nenewed c a l l  
t o  photometrists t o  continue t h e i r  work as wel l !  There i s  i nd i ca t i on  tha t  the 
polar imetr ic  changes do no t  r e f l e c t  a simple "un iax ia l "  type o f  pulsat ion (as 
wi th  some RV Tauri  s tars,  f o r  example); there may be mu1 timode e f fec ts .  Apart from 
the pulsation, i n  a couple o f  jears  the o r b i t a l  phase w i l l  be such t ha t  we may 
be able t o  detect  r e f l e c t i o n  po lar izat ion -- l i g h t  from the primary scattered by 
the disk. For one t h i n g  t ha t  could help t o  check on the astrometr ic  o r ien ta t ion  o f  
the system. 




