
S P E C T R O S C O P I C V A R I A B I L I T Y I N L A T E - T Y P E ^ D W A R F S U S I N G H I G H 

S : N S P E C T R A 

B . H . F o i n g , J . E . B e c k m a n , G . S l a d i l o 

1 . L P S P / I A S V e r r i è r e s , F r a n c e . 

2 . I n s t i t u t o d e A s t r o f i s i c a d e C a n a r i a s , T e n e r i f e , S p a i n . 

3 . O s s e r v a t o r i o A s t r o n o m i c o d i T r i e s t e , T r i e s t e , I t a l y . 

A B S T R A C T . M o n i t o r i n g o f a c t i v e l a t e - t y p e d w a r f s , s p e c t r o s c o p i c a l l y w i t h 

h i g h r e s o l u t i o n ( λ / Δ λ ~ 1 0 5 ) a n d h i g h S : N ( > 3 0 0 ) r o u n d t h e i r a c t i v i t y c y c l e s , 

p r i n c i p a l l y i n: t h e C a l l Η r e s o n a n c e l i n e , o f f e r s t e c h n i q u e s t o e x p l o r e ( a ) 

p l a g e f i l l i n g f a c t o r s ( b ) 3 - d i m e n s i o n a l c h r o m o s p h e r i c v e l o c i t y f i e l d s ( c ) m a p s 

o f s u r f a c e a c t i v i t y v i a " D o p p l e r I m a g i n g " . I n t h i s p a p e r w e d e a l 

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

1 . I N T R O D U C T I O N 

C h r o m o s p h e r i c e m i s s i o n f l u x v a r i a b i l i t y o f C a l l Η a n d Κ i n s o l a r - l i k e s t a r s 

w a s s t u d i e d b y O . C . W i l s o n ( 1 9 7 8 ) i n h i s c l a s s i c w o r k o n m a g n e t i c a c t i v i t y 

c y c l e s ( p e r i o d s o f y e a r s ) . S h o r t t e r m m o d u l a t i o n ( p e r i o d s o f d a y s ) o f t h i s 

f l u x w a s o b s e r v e d b y V a u g h a n e t a l . ( 1 9 8 1 ) a n d u s e d b y t h e m t o c o m p u t e 

r o t a t i o n p e r i o d s , a n d h e n c e t o i n v e s t i g a t e t h e r e l a t i o n p e r i o d - a c t i v t t y - a g e . 

T h e u s e o f h i g h S : N l i n e p r o f i l e s i n s t e a d o f f l u x e s a l l o w s u s i n p r i n c i p l e t o 

o b t a i n t h r e e n e w t y p e s o f i n f o r m a t i o n : 

( 1 ) T h e p r o p o r t i o n o f a c t i v e ( i . e . p l a g e a n d n e t w o r k ) t o q u i e t c h r o m o s -

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

e a c h c o m p o n e n t . 

( 2 ) T h e p r e s e n c e o f v e l o c i t y f i e l d s i n t h r e e d i m e n s i o n s . T h e p r e s e n c e 

o f a n a s y m m e t r y , o r t h e p o s i t i o n o f a b u m p i n t h e l i n e p r o f i l e , a n d t h e 

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

v e r t i c a l m o t i o n s f r o m t h e p r o j e c t e d r o t a t i o n a l m o t i o n s o f p l a g e s . 

( 3 ) C o m b i n e d d e n s i t y a n d v e l o c i t y c a n b e c o m b i n e d ( " D o p p l e r i m a g i n g " ) 

t o y i e l d m a p s o f c h r o m o s p h e r i c s u r f a c e s , s p e c i f y i n g a c t i v e a n d q u i e t r e g i o n s . 

2 . C O M P A R I S O N O F C a H F O R a C e n A A N D a C e n Β 

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

o c c u r d u e t o t h e c h a n g e i n p l a g e c o v e r d u r i n g a r o t a t i o n a l p e r i o d . T h e 

s p e c t r a a r e o f α C e n B , t a k e n w i t h t h e C A T + C E S ( E S O ) a t a r e s o l u t i o n 

λ / Δ λ = 1 0 5 , a n d w i t h s i g n a l t o n o i s e a t t h e H 1 a n d K 1 m i n i m a o f 1 0 0 a n d 

i n t h e c o n t i n u u m o f 3 0 0 . T h e y s p a n a p e r i o d o f 1 1 d a y s i n J u n e 1 9 8 5 , a n d 
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are in two groups: 8 / 9 June and 1 7 / 1 9 June, which show little change within 
each pair. The photospheric spectrum is constant, but the chromospheric 
emission profile shows a very clear change. The contrast With α Cen A is 
striking, as shown in Fig. 2 , where difference spectra for the two objects 
are shown. In α Cen A there is no measurable difference to within an 
impressive 0.3% RMS error across the spectrum, while in aCen Β there is a 

"difference profile" which corresponds to a 21% increment in the Η index 
over minimum phase, and to a F W H M of 33 km s - 1 . 

Fig 1: Changes in the Ca Η 

emission from the chromosphere 

of aCen B. Four spectra are 

superposed. There is no photos-

pheric variation but clear 

chromospheric changes between 

8 / 9 June and 1 7 / 1 9 June 1985 

(2 pairs). 

Fig. 2 : Differences between 
spectra of α Cen Β and α Cen A 
from spectra of 9 and 19 June 
1 9 8 5 . The clean low-noise sub-
tration for α Cen A gives con-
fidence in the variability data 
for aCen B. 

3 . USE OF PROFILE C H A N G E S TO SEPARATE ACTIVE F R O M QUIET 

CHROMOSPHERE 

Assuming a chromospheric disc to be composed of three components: a quiet 

virtually magnetic f ie ld-free background, a homogeneously distributed network 

structure, and magnetically concentrated plages at specific positions we can 

develop the formalism to distinguish these. 

If the resulting line profile Φ is composed of terms due to the quiet 
chromosphere with profile Φ ^ , due to the network with profile Φ ^ and filling 
factor fNand due to plages, with profile φΑ and filling factor f P t h e profile 
will be espressed as 

• x ( t ) = Φ ° (1 - f N - f P ( t ) ) + Φ * ( f N + f P ( t ) ) 

= Φ (t. — f )•* Φ f + f ( t ) (Φ - Φ ) 

Of bourse, one cannot use equation (1) directly to find separately all of 
the unknown parameters. However, careful observations such as those 
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e x e m p l i f i e d i n F i g . 1 f o r α C e n Β s h o w t h a t o n e c a n m a k e v e r y a s e f u l 
a p p r o x i m a t i o n s . M o d u l a t i o n o f t h e o b s e r v e d p r o f i l e r o u n d a c o u p l e o f s t e l l a r 
r o t a t i o n p e r i o d s s h o w s t h a t t a k e s a b a s e - l i n e f o r m , a n d m o d u l a t i o n s 
o c c u r a b o v e t h i s ; w e c a n a s s u m e t h a t t h i s is d u e t o t h e t i m e v a r i a t i o n s o f 
t h e 3 r d t e r m o n t h e L . H . S . o f ( D a s p l a g e s a p p e a r a n d d i s a p p e a r v i a r o t a t i o n . 
T e r m s 1 a n d 2 r e m a i n c o n s t a n t . F o r t r u l y s o l a r - l i k e s t a r s ( G 2 V ) w e c a n 
t h e n a s s u m e a k n o w n n e t w o r k f i l l i n g f a c t o r f N a n d k n o w n q u i e s c e n t a n d 
a c t i v e p r o f i l e s a n d t o o b t a i n p l a g e f i l l i n g f a c t o r s f p ( t ) . F o r a d j a c e n t 
s p e c t r a l t y p e s , w e h a v e t o a s s u m e s i m i l a r v a l u e s f o r f N φ Α a n d a n d l o o k 
f o r s e l f - c o n s i s t e n t s o l u t i o n s . T h e s e c a n b e c r o s s - c h e c k e d b y u s i n g l i n e s o t h e r 
t h a n C a Η , e . g . C a Κ o r t h e C a I R t r i p l e t . 

O n e m u s t r e m e m b e r t h a t m a x i m u m v a r i a b i l i t y i n t h e c h r o m o s p h e r i c 
e m i s s i o n c o r e i s n o t a s s o c i a t e d w i t h m a x i m u m p l a g e c o v e r a n d i n d e e d t h a t 
t o t a l p l a g e c o v e r w o u l d y i e i d a n i n v a r i a n t " h i g h " p r o f i l e . T h i s c o n t r a s t 
e f f e c t is s h o w n i n t h e h i g h l y a c t i v e s t a r 7 0 O p h A , w h o s e C a Η p r o f i l e i s 
s h o w n a t h i g h S : N i n F i g . 3 . I n t h i s , a s i n F i g . 1 , a l o g a r i t h m i c r e g i s t r a t i o n 
t e c h n i q u e , e m b o d i e d i n a p r o g r a m m e N E W S I 2 M ( C r i v e l l a r i e t a l . , 1 9 8 3 ) a l l o w s 
v a r i a b l e f e a t u r e s t o b e d e t e c t e d a g a i n s t : a c o n s t a n t b a c k g r o u n d ; 7 0 O p h A 
w h i c h s h o w s s m a l l v a r i a t i o n s , m u s t b e v i r t u a l l y p l a g e - c o v e r e d , a n d i n p r i n c i p l e 
a l l o w s u s t o o b t a i n " p u r e " p l a g e p r o f i l e s f o r i t s s p e c t r a l t y p e ( K O V ) . I n 
p r a c t i c e o n e m u s t b e c a r e f u l t o e l i m i n a t e l o c a l i n t e r s t e l l a r m e d i u m e f f e c t s 
a t H 3 , w h i c h h a s n o t b e e n d o n e f o r 7 0 O p h A . 

F j g 3 : S p e c t r a o f 7 0 O p h A i n 
C a H , s e p a r a t e d b y 1 0 n i g h t s . 
T h i s s h o w s s t r o n g p l a g e c o v e r a n d 
l o w m o d u l a t i o n a s p l a g e f i l l i n g 
f a c t o r i s h i g h . 

T h e t o t a l l y q u i e s c e n t b e h a v i o u r o f α C e n A p o i n t s t o t h e f i n a l p i e c e i n 
t h e j i g s a w . I t s C a Η p r o f i l e , a s w e l l a s b e i n g c o n s t a n t i n t i m e , s h o w s s i m i -
l a r c h a r a c t e r i s t i c s t o a s o l a r " q u i e t d i s c " o r i n t e g r a t e d s o l a r m i n i m u m p r o -
f i l e , a n d w e c a n u s e i t a s a r e a s o n a b l e e s t i m a t e o f q u i e t p r o f i l e s f o r s t a r s 
o f t y p e G 2 V . O u r f u l l m e t h o d o l o g y f o r f i l l i n g f a c t o r m e a s u r e s is t h u s : 
s e e k o u t s t a r s w i t h t i m e i n d e p e n d e n t C a Η f l u x e s a n d " l o w " p r o f i l e s . H i g h 
S : N s p e c t r a y i e l d Φ Q . S e e k o u t s t a r s w i t h s m a l l v a r i a t i o n s i n f l u x e s a n d " h i g h " 
p r o f i l e s . H i g h S : N s p e c t r a y i e l d Φ Α . F o r s t a r s w i t h f l u x - v a r y i n g s p e c t r a , 
m o n i t o r i n g a r o u n d a p e r i o d c a n t h e n g i v e f p ( t ) . C a r e is n e e d e d w i t h 
a s y m m e t r i e s d u e t o L I S M a n d t o t h e p r e s e n c e o f r e s t r i c t e d i n d i v i d u a l p l a g e s . 
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