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A B S T R  A C T . W e p rese n t new  re su lts  o b ta in e d  from  
analysis  o f  H a  doub le  peaked  em ission  line observed  
a t  several phases. W e confirm  th e  re su lts  th a t  KU  
C y g  h a rb o u rs  a n  eccen tric  shape , p recessing  acc re tio n  
d isk . T h e  sy s tem  m ass ra tio  q  =  0.13 m ay  in d ica te  
th a t  th e  3:1 resonance can  b e  responsib le  for changes 
in  th e  acc re tio n  disk.

K e y  w o rd s :  b inaries: ec lipsing  s ta rs : ind iv idual: 
K U  Cyg.

1. I n t r o d u c t i o n

K U  C yg is a  well s tu d ied  A lgol-type eclipsing  b inary . 
I t  h a s  b een  observed  b o th  p h o to m e tr ica lly  a n d  spec
tro scop ica lly  since  1964 by P o p p e r  (1964,1965), O lson 
(1988,1991) a n d  O lson  e t  al. (1995). T h e  firs t a t te m p t 
to  classify  th e  com ponen ts , re su ltin g  in  F 4 p  a n d  K 5 III 
sp e c tra l ty p es , w as m a d e  by  P o p p e r  (1965). H e sug
ges ted  th a t  th e  p rim a ry  ( th e  h o tte r )  s ta r  w as su r
ro u n d ed  by  gaseous m a tte r  o f  a  re la tive ly  low te m p er
a tu re , c re a tin g  a d isk  -  like s tru c tu re . He also  p o in ted  
o u t th a t  th e  seco n d ary  co m p o n en t likely fills i ts  R oche 
lobe.

K U  C y g  belongs to  th e  g ro u p  o f  long p e rio d  Algol -  
ty p e  b in aries , i ts  o rb ita l p e rio d  derived  from  sp e c tro 
scopic a n d  p h o to m e tr ic  s tu d ie s  is P  — 38d .4. T h e  ra 
d iu s  o f  th e  p rim ary , p ro b ab ly  a  M ain  Sequence s ta r ,  
is sm all enough  a n d  for such  co n fig u ra tio n  th e  m a t
te r  lost from  th e  seco n d ary  s ta r  c a n  n o t d irec tly  h it 
th e  p rim a ry  b u t a n  acc re tio n  d isk  m u s t b e  form ed.

T h e  spectro scop ic  re su lts  pub lished  by O lson a n d  E t- 
zel (1991) a n d  O lson (1991) revealed  in  K U  C yg 
a  doub le  -  peaked , hydrogen  em ission line, visib le 
th ro u g h o u t th e  o rb ita l  cycle, confirm ing  th e  h y p o th 
esis o f  a  d isk  p resence in  th is  sy s tem  (S m ak  1984).

T h e  m a in  d ifficulty  to  o b ta in  re liab le  o rb ita l p a ram e
te rs  o f  K U  C yg is du e  to  u n c e r ta in  p ro p e rtie s  o f  th e  p ri
m a ry  com ponen t. I ts  m ass a n d  ra d iu s  m ake it  a  M ain

S equence s ta r  w ith  th e  ex p ected  sp e c tra l ty p e  a ro u n d  
B 7 V a n d  th e  effective te m p e ra tu re  o f  a b o u t 13 300 K. 
However, th e  observed  sp e c tra l ty p e  o f  th e  p rim ary  
is F 4 p  (P o p p e r  1964), resem bling  a  su p e rg ia n t, a n d  its  
co lours a p p e a r  to  in d ic a te  an  effective te m p e ra tu re  of 
on ly  7500 K  (O lson  1988). O n  th e  o th e r  h a n d , th e  pho 
to m e tr ic  so lu tio n  by  Zola (1992) gave Te,i =  10330A'. 
T h e  d isc repancy  b e tw een  th o se  re su lts  cou ld  b e  d u e  
to  a b so rp tio n  aris in g  in  a  shell su rro u n d in g  a  s ta r  o f 
ea rlie r  ty p e  (P o p p e r 1964).

Sm ak(1997) ca lcu la ted  th e  o rb ita l p a ra m e te rs  from  
th e  an a ly sis  o f  th e  observed  H „ em ission line profile 
o rig in a ted  from  th e  disk . T h o u g h  th e  an a ly sis  was 
b ased  on  on ly  a  single sp e c tru m , h e  found  th a t  accre
tio n  d isk  is eccen tric  an d  d e te rm in e d  th e  defo rm ation  
o f  th e  d isk  from  th e  c irc u la r  sh ap e : a =  0.48 ±  0.01 
( th e  m a jo r  sem i -  ax is  o f  d isk ), ed =  0.31 ±  0.07 
( th e  d isk  eccen tric ity ) a n d  i  =  86.0 ±  0.1 ( th e  o r
b ita l in c lina tion ).

2. S p e c t r o s c o p ic  D a t a

S pectroscop ic  o b se rv a tio n s o f  K U  C yg w ere co llected  
a t  th e  D avid  D u n lap  O b serv a to ry  (D D O ), U niversity  
o f  T o ron to . T h e  firs t obse rv ing  ru n  w as d one  on 
4 th  (0  ~  0 .220), 10*'' (0  ~  0.377) a n d  12"‘ (0  ~  0.429) 
D ecem ber 2002 (F ig . 1), w hile  th e  second  one is m ore 
recen t, d a ta  w ere ta k e n  on  1st (0  ~  0.171) a n d  2nd (0  ~  

0.197) Ju ly  2008 (F ig . 1). T h e  1.9 m  te lescope an d  
th e  C asseg ra in  focus sp e c tro g ra p h  w ith  d ispers ion  of 
10.8 A  m m - 1 , co rresp o n d in g  to  a b o u t 0.2 A  p ixe l-1  or 
a b o u t \ 2 k m s ~ 1 p ixe l-1  , w ere used  for m o st observa
tions.

T h e  sp e c tra  w ere red u ced  w ith  IR A F , th e  s ta n d a rd  
p ro ce d u re s  w ere em ployed, w hich  consist o f  c a lib ra t
ing th e  fram es for b ias, flat field, cosm ic ray s rem oval, 
e x tra c tio n  o f  one-d im ensional sp e c tra , w aveleng th  cali
b ra tio n  an d  rec tifica tion . A fter red u c tio n , s p e c tra  were
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F ig u re  1: D oub le  p eak  o f  H a  em ission  line. S p ec tra  
c o rresp o n d  to  th e  phases, from  th e  to p  to  phases  0.171, 
0.197, 0.220, 0 .377. 0 .429 respectively . All d a t a  were 
sh ifted  to  show  H a  profile.

co rrec ted  by  rem oving  th e  7  velocity  o f  w hole b in a ry  
system .

A t th e  final re su lt th e  observed  velocity  w ere cor
rec ted  for th e  E a r th  ro ta tio n , th e  m o tio n  o f  th e  E a r th  
a ro u n d  th e  E a r th -M o o n  b a ry c en te r, a n d  th e  o rb it  o f 
th e  b a ry c en te r  a ro u n d  th e  Sun.

F in a lly  IR A F  ta s k  (sp lo t)  w ere used  to  m ade  G auss 
fit to  H a  p eak . F rom  th a t  ta sk , p ea k  velocity  were 
co llec ted  (T ab le  1).

T ab le  1: R a d ia l velocity  o f  th e  cen te r o f  G au ss  fit for 
b lue  a n d  red  p eak  o f  H a

phases b lue  p eak red  peak
0.1707 -146.337 125.735
0.1711 -152.081 134.435
0.1967 -146.739 131.662
0.1971 -160.126 152.730
0.2204 -176.138 132.317
0.2207 -154.897 144.711
0.2212 -146.488 153.262
0.3774 -183.379 113.590
0.3518 -182.319 112.744
0.4291 -162.919 99.308
0.4296 -163.547 99.365

3 . M o d e l

In  o u r  m odel we use  well know  s itu a tio n  w here  in 
th e  c ircu la r, K ep le rian  d isk , th e  observed  p ea k  veloc
ities  a re  a lm o st th e  sa m e  a s  th e  K ep le rian  ro ta t io n a l 
v elocities, a t  th e  o u te r  edge o f  th e  d isk  (S m ak  1981). 
W e assu m ed  th a t ,  i t  is a lso  t r u e  in  th e  case  o f  a n  ec
cen tric  disk . In  o u r w ork th e  d isk  is su p p o sed  to  be 
re s tr ic te d  in  th e  region close to  th e  e q u a to r ia l p la n  of

th e  s ta r .  T h erefo re  we m ay  sim plify  th is  p ro b lem  to  a  
tw o -  d im ensiona l case. In  th e  ca lcu la tio n s  we use  a  po
la r  c o o rd in a te  sy stem  (r , (j>) w ith  i ts  po le  a t  th e  cen te r 
o f  th e  p r im a ry  s ta r .  W e define th e  p o sitio n  ang le  9q o f 
th e  sem i-m ajo r ax is  o f  th e  d isk  a s  follows: 60 equa l 0 ° 
w hen  th e  p e r ia s tro n  is lo c a te d  betw een  th e  tw o s ta rs  
a n d  Do equa l 90° w hen  th e  p e r ia s tro n  is lo c a te  betw een  
th e  p rim a ry  a n d  th e  observer, a t  th e  p h ase  <j> =  0.75. 
F o r th a t  m odel th e  ra d ia l velocity  o f  a  p o in t p laced  by 
th e  ang le  0 in  th e  o rb it  o f d isk  sem i -  m a jo r  ax is a,;, 
d isk  ec cen tric ity  e,/ a n d  phases c/> is given by well-know 
eq u a tio n  (e.g. H u an g  1973)

VT =  C [co s (^  -f  #o +  0) +  erfsin(<£ +  #o)]

T h e  c o n s ta n t C  is equa l to:

C  =  ( G M x/ A o H B ) ( l , 2 ) [ad{ 1 -  e2d )\ sin  i

F o r exam ple  th e  p eak s velocity, co rrespond ing  to  
0  =  ±  7 t/2  - (4> +  60), are:

V r , p e a k  =  C [±  +  ed s ill(0  +  0O)]

w here ±  1 co rresp o n d s to  th e  red  a n d  th e  b lue  p eak  
respec tive ly  (S m ak  1997).

T o co m p are  ra d ia l velocity  o f  th e  b lue  a n d  red  com 
p o n en ts  o f  th e  em ission  line, com ing  from  a n  eccentric  
d isk  w ith  d a t a  o f  o u r m odel, th e  o rb ita l m otion  K1 
w ere ta k en  in to  acco u n t.

F ig u re  2 show s v aria tio n  o f  rad ia l velocity  cu rves a t  
d iffe ren t p a ra m e te rs  w ith  (0  +  0f))

•300 - - - - - - - -
0  0. 1 0 5  0 3  0. 4 0. 5 OS  0- 7 0 8  0 9  I

F ig u re  2: V aria tio n  o f  ra d ia l velocities o f  th e  b lue  a n d  
th e  red  p eak s  a t  th e  d ifferent values o f  ad, e,/ , 90

4 . C o n c lu s io n

T h e  re su lts  o f  o u r m odel for th e  new  sp e c tra  con
firm  th e  S m ak ’s  h y p o th es is  th a t  th e  d isk  sh a p e  is 
n o t c ircu lar. T h e  re su ltin g  p a ra m e te rs  are : inclina
tio n  i  =  85 .G ±  0.8, th e  d isk  m a jo r  sem i -  axis



F ig u re  3: O b serv ed  p o in ts  a n d  th e o re tic a l velocity  
curves.

ad =  0.43 ±  0.05, d isk  eccen tric ity : e j  =  0.21 ±  0.08, 
a n d  th e  p o sitio n  ang le  0q =  122 ±  12. T h e  com pari
so n  o f  th e  th e o re tic a l v e rsu s observed  velocities for all 
phases a re  show n in  F ig u re  3. W e w ere ab le  to  o b ta in  
a  reaso n ab le  fit to  th e  p eak  velocities for d a ta  taken  
in  2002 a n d  2008. I t m ean s th a t  th e  d isk  size  w as sim 
ila r in 2002 a n d  2008. T h e  tim e  scale o f  p e r tu rb a tio n  
resp o n sib le  for th e  g ro w th  o f  d isk  eccen tric ity  is n ea r  
6 y ea rs , th e  sam e a s  in K ing  (1994).

U sing th e  in c lin a tio n  o b ta in e d  from  o u r m odel we 
d e te rm in e  th e  rem a in in g  sy stem  p a ra m e te rs  (T ab le  2).

T h e  m ass ra tio  n e a r  0 .14 from  o u r so lu tio n  con
firm s a n o th e r  sug g estio n  m ade by Sm ak(1997) a b o u t 
im p o r ta n t role o f  th e  effects o f  3:1 resonance . I t  can  
ta k e  th e  m ain  ro le  in  th e  d y n am ic  changes in th e  
d isk  s tru c tu re  o f  th e  ac c re tio n  disk . F u rth e r  h igh 
precision  sp e c tra l o b se rv a tio n s o f  th e  w hole phases of 
th is  b in a ry  sy stem  a re  needed  to  resolve th is  problem .

T ab le  2: S ystem  P a ra m e te rs  o f  K U  C yg

i[°] = 8 5 .6  ±  0.8
q  =  M 2/M i  =  0 .1 3 6 ±  0.01

r i  =  R , /A „ rfc=  0 .041±0 .004  
M i/M ©  =  3.88 ±  0.07
M 2/ M 0  =  0.53 ±  0.07

A[1010 m] =  5.46 ± 0 .004
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