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RED AND NEAR INFRARED SPECTRA" OF PRE-MAIN SEQUENCE STARS 
I . A PRELIMINARY INVESTIGATION OF T TAURI STARS 

Y. A n d r i l l a t , O b s e r v a t o i r e de H a u t e P r o v e n c e 
and J . P . S w i n g s , I n s t i t u t d ' A s t r o p h y s i q u e - U n i v e r s i t S de L i S g e 

A b s t r a c t 

• - i 
2 3 0 A mm s p e c t r a of 3̂ 0 s t a r s of T T a u r i or r e l a t e d t y p e w e r e 

o b t a i n e d i n t h e 8 0 0 0 - 1 1 0 0 0 A r e g i o n u s i n g a g r a t i n g s p e c t r o g r a p h 
e q u i p p e d w i t h an S - l p h o t o c a t h o d e i m a g e - t u b e . In a d d i t i o n a f e w . 
T T a u r i s t a r s were o b s e r v e d a t t h e same d i s p e r s i o n i n t h e 6 2 0 0 - 8 8 0 0 A 
r e g i o n on IN p l a t e . A p r e l i m i n a r y q u a l i t a t i v e a n a l y s i s of t h e 
o b s e r v a t i o n s l e a d s t o p o s s i b l e c o r r e l a t i o n s b e t w e e n t h e i n t e n s i t i e s 
of e m i s s i o n s of t h e Ca I I t r i p l e t , P a s c h e n s e r i e s and He I 1 0 8 3 0 A, 
and t h e s p e c t r a l t y p e , K - L c o l o r i n d e x of t h e s t a r , or t h e [ 0 I ] and 
Fe I I i n t e n s i t i e s i n t h e v i s i b l e s p e c t r u m . 

Introduction 

The da ta descr ibed here r e s u l t from a c o n t i n u a t i o n of our 
s p e c t r o g r a p h i c i n v e s t i g a t i o n in the near i n f r a r e d of e m i s s i o n - l i n e 
o b j e c t s wi th in frared e x c e s s e s . We have p r e v i o u s l y g iven r e p o r t s of 
our o b s e r v a t i o n s of B[e] s t a r s ( A n d r i l l a t and Swings , 1 9 7 6 ) , the 
"egg nebula" CRL 2688 (Swings and A n d r i l l a t , 1 9 7 7 ) , and of e m i s s i o n -
l i n e g a l a x i e s ( A n d r i l l a t and Swings , 1977) . So far the 8000-1100 A 
reg ion has not been e x t e n s i v e l y used t o s tudy T Tauri s t a r s e x c e p t 
f o r some p h o t o e l e c t r i c spectrum scanner o b s e r v a t i o n s reported by 
Kuhi ( 1 9 7 4 ) . The aim of our o b s e r v a t i o n s was not only t o d e t e c t 
e m i s s i o n l i n e s in the near i n f r a r e d , but a l s o t o make a s e l e c t i o n of 
i n t e r e s t i n g o b j e c t s ( i . e . those wi th r i c h emiss ion l i n e s p e c t r a ) to 
study q u a n t i t a t i v e l y once a s e l f - s c a n n e d d iode array w i l l r e p l a c e 
the image-tube as a r e c e i v e r f o r the s p e c t r o g r a p h , thus enabl ing sky 
s u b t r a c t i o n . Other pre-main sequence o b j e c t s , such as Herbig-Haro 
o b j e c t s , w i l l be added t o the above mentioned s e l e c t i o n , and w i l l 
h o p e f u l l y be observed in e a r l y 1978. 

Observat ions 

* -1 Spectra at a d i s p e r s i o n of 230 A mm were obtained at the 
Haute Provence Observatory with the "Roucas" g r a t i n g spectrograph 
a t tached t o the Cassegra in f o c u s of the 1.93 m (77 inch) t e l e s c o p e 
f o r the 8000-11000 A reg ion ( s e e summarized d e s c r i p t i o n of the 
instrument in A n d r i l l a t and Swings (1976))and wi th a c o n v e n t i o n a l 
spectrograph at the newtonian f o c u s of the 1.2 m (48 inch) t e l e s c o p e , 
for the 6200-8800 A r e g i o n ( A n d r i l l a t and A n d r i l l a t ( 1 9 6 1 ) ) . F i g u r e s 
1 and 2 i l l u s t r a t e t h e s e two s e t s of o b s e r v a t i o n s . 

Table 1 groups some of our q u a l i t a t i v e r e s u l t s for t h o s e s t a r s 

" A l l the o b s e r v a t i o n s have been performed at the Haute Provence 
Observatory . 
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Jig. 1 8000-11000 X spectra of 24 T Tauri- or related stars 
arranged according to their spectral types. Original 
dispersion: 230 8 mm-1. The positions of some stellar 
lines and of contaminants (atmospheric absorption and/ 
or OH night sky emission) are indicated. According to 
Zappala (1972) GW Orl is of type G5e, which would seem 
more appropriate on the basis of the strength of Ca II. 
On a similar argument AS 209 could be of type dK3e as 
suggested by Kuhi (1964). Note that He I 10830 is in 
absorption in the spectrum of LkHo 120. 
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which are a l s o s tud ied by Rydgren et a l ( 1 9 7 6 ) . For three a d d i t i o n a l 
s t a r s we have used Kuhi 's (1974) r e s u l t s . It seems to appear from 
t a b l e 1 t h a t the i n t e n s i t i e s of the e m i s s i o n l i n e s of H I , He I and 
Ca I I are c o r r e l a t e d with 

( i ) the s p e c t r a l type of the s t a r : i t i s c l e a r from f i g . 1 a l s o 
t h a t , e . g . , the Ca I I t r i p l e t appears in t h o s e s t a r s 
c l a s s i f i e d by Herbig and Rao (1972) as c o n t . + e , p e c , Ge or 
Ke, w h i l e i t i s v i r t u a l l y absent in the Me's ( except for UZ 
Tau) . This c o r r e l a t i o n , however i s not as convinc ing if the 
s p e c t r a l types r e c e n t l y publ i shed by Herbig (1977) are taken 
i n t o c o n s i d e r a t i o n s i n c e , e . g . , DL and CI Tau which were 
c l a s s i f i e d as G:e now become K7 s t a r s . It remains n e v e r t h e l e s s 
that Ca I I i s apparent ly absent in H s t a r s w h i l e i t i s present 
in the other t y p e s cons idered in t h i s paper. 
For T Tauri s t a r s , Kuhi (1974) s t a t e s that "The reddening 
seems t o be a f u n c t i o n of the s p e c t r a l type in the sense that 
Av i s s i g n i f i c a n t l y l a r g e r for G type s t a r s than for H s t a r s . 
This in turn i m p l i e s t h a t the reddening must be c i r c u m s t e l l a r 
in o r i g i n " . The Ca II in f rared t r i p l e t thus seems to have i t s 
i n t e n s i t y d i r e c t l y c o r r e l a t e d with the amount of c i r c u m s t e l l a r 
m a t e r i a l ( s e e i i ) ; 

( i i ) the K ( 2 . 2 u) - L ( 3 . 5 v) c o l o r index : Ca I I i s e i t h e r weak 
or absent for those s t a r s with K-L < 1 , 0 ; the Faschen l i n e s 
and He I 10830 apparent ly have a s i m i l a r b e h a v i o r . It should 
be mentioned that Lk Ha 120 and AS 209 that do not appear in 
Table 1 have K-L i n d i c e s of 1.2 and < 2 r e s p e c t i v e l y (Glass 
and P e n s t o n , 197 4 ) ; 

( i i i ) the i n t e n s i t y of emis s ion l i n e s of [0 I ] and Fe I I ; examples 
are V380 Ori for Fe II and T Tauri i t s e l f for [0 I ] ( s e e 
f i g . 2 ) . 
However, as in B[e] s t a r s , t h e r e i s no c o r r e l a t i o n between 
the s t r e n g t h s of 0 I A 8446 and of the Ca I I t r i p l e t 
( A n d r i l l a t and Swings , 1 9 7 6 ) . 

He a l s o observed some of the o b j e c t s Bonsack and Greens te in 
(1960) name " r e l a t e d " t o T T a u r i ' s : He I X 10830 i s present in the 
spectrum of AG Dra, whereas no emis s ion i s d e t e c t a b l e in our spec tra 
of BD +24*2742, BD + 37*2318 and HD 117555; no emiss ion appears 
e i t h e r in the spectrum of AS 310 (B-Ae according to Herbig and Rao 
1 9 7 2 ) , of BD 46*3471 (T Tauri type g iven by Kuhi, 1 9 6 4 ) , or of the 
ex-T Tauri s t a r VI057 Cyg ( s e e f i g . 1 ) . 

Future o b s e r v a t i o n s 

On the b a s i s of the o b s e r v a t i o n s repor ted here we plan t o 
observe a s e l e c t i o n of T Tauri s t a r s and a s e r i e s of Herbig-Haro 
o b j e c t s with a Ret icon d e v i c e . After sky s u b t r a c t i o n , a q u a n t i t a t i v e 
a n a l y s i s of t h e most i n t e r e s t i n g s p e c t r a w i l l be performed, as w e l l 
as a search f o r f a i n t emis s ion l i n e s . 
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D I S C U S S I O N of paper by ANDRILLAT and SWINGS: 

WOLF: Have you compared t h e i n t e n s i t y o f t h e OI l i n e 8446ft w i t h 
o t h e r 01 l i n e s ? I s t h e r e any i n d i c a t i o n f o r a f l u o r e s c e n c e 
mechanism working i n T Tauri s t a r s , enhancing the i n t e n s i t y 
of t h e 84468 l i n e ? 

SWINGS: We have made no such compar ison . However, one may say 
t h a t i n the c a s e of B f e j s t a r s t h e r e a lmost e x i s t s an a n t i -
c o r r e l a t i o n between the s t r e n g t h s of the C a l l t r i p l e t and o f 01 
8446A ( see A n d r i l l a t and Swings , 1 9 7 6 , Ap. J . L e t t e r s , 2 0 4 , 
L123) . 

APPENZELLER: Does the f a c t t h a t t h e Hel 108308 l i n e i s observed i n 
a b s o r p t i o n i n LK Ha 120 show t h a t t h i s s t a r i s n o t a T Tau s t a r 
but shou ld r a t h e r be c l a s s i f i e d as a Herbig Ae - s t a r ? 

SWINGS: Yes , t h i s c o u l d b e , a l t h o u g h one s h o u l d l ook a t t h e paper 
by Penston and Kealey who r e c e n t l y s t u d i e d t h i s s t a r i n d e t a i l 
i n the v i s i b l e . 
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