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ABSTOiCT: I b i s paper descr ibes the new Ter s ion of our instrument 
used f o r d e t e c t i o n of s t e l l a r o s c i l l a t i o n s . I t i s planned t o use i t 
next year f o r observat ions of Procyon and * Can i n order t o conf i rm 
the r e s u l t s a l r e a d y obtained. Because the prototype used i n these 
f i r s t a t tempts d i d not succeed t o be photon noise l i m i t e d , i t has 
been s i g n i f i c a n t l y redesigned i n order to improve the s i t u a t i o n 
regarding every source of noise . 

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

Al ready described i n i t s p r i n c i p l e (Fossat e t a l , 1982 ) , the 
instrument a c t s as a v e r y s t a b l e f i l t e r w i t h two narrow bands (about 
0 . 1 1 each) centered on the l a b o r a t o r y wavelengths of the sodium 
l i n e s D I and D2. The exact l o c a t i o n of these s p e c t r a l windows i n the 
s t e l l a r spectrum depends then on the r e l a t i v e l i n e of s i g h t v e l o c i t y 
between the telescope and the s t a r ( f i g u r e 1 ) . By adequate ly 
s e l e c t i n g the observing season, the o r b i t a l motion makes poss ib le t o 
measure the f l u x i n one wing of the sodium absorpt ion s t e l l a r l i n e s . 
À smal l Doppler s h i f t of these l i n e s produces the measured v a r i a t i o n 
of f l u x i n the narrow bands of the f i l t e r . 

The f i l t e r i t s e l f i s a s i n g l e s o - c a l l e d C a c c i a n i - c e l l 
magneto-opt ical f i l t e r (Cacciani e t a l , 1970) . I t consists of fc 
vapour i n a l o n g i t u d i n a l magnetic f i e l d between two crossed 
p o l a r i z e r s . The l a t t e r cut o f f a l l of the s t e l l a r spectrum, except 
f o r those wavelengths f o r which the vapour, due t o magneto-opt ica l 
e f f e c t s , changes the s t a t e of p o l a r i s a t i o n . The advantages of t h i s 
sodium c e l l f i l t e r a r e e s s e n t i a l y a v e r y good i n t r i n s i c s p e c t r a l 
s t a b i l i t y , and a h igh l e v e l of photon e f f i c i e n c y f o r such a narrow 
f i l t e r . The major inconvenient i s the very d r a s t i c l i m i t a t i o n of use 
t o the p a i r of fc D l i n e s . They a r e not always the best choice , they 
do not g i v e access to s t a r s h o t t e r than l a t e À s p e c t r a l t y p e , and the 
f i l t e r does not a l l o w much degree of freedom on the choice of the 
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Γ— Λ Fig 1. The teo curves are the 

I \ transmission of the filter 

ι _^r=J constituted by the sod lue cell 

betteen teo crossed polarizer 

respectively for D1 and D2. 

The bandwidth and the 

transmission depend on the 

optical path in the cell and on 

the eagnetic field value. Here 

the optical depth is about 30 

and the aagnetlc field is about 

1500 Gauss. 

observing da te f o r a g i v e n s t a r . A lso , the photon noise r e s u l t i n g of 
the use of on ly two narrow s p e c t r a l bandwidth* l i m i t s the use of the 
instrument t o the b r i g h t e s t s t a r s a t the focus of the l a r g e s t 
te lescopes. However, not v e r y many other instruments have been 
succesful so f a r i n asteroseismology. f e then f e e l t h a t d e s p i t e i t s 
l i m i t a t i o n s , i t i s v o r t h cont inuing to develop t h i s one f o r a wh i l e . 

2. Descr ip t ion . 

The f i g u r e 2 shows the o p t i c a l scheme of the instrument. The 
Barlow lens a d j u s t s the o p t i c a l aper tu re of the telescope t o the one 
of the instrument I t s e l f . The i n t e r f e r e n t i a l f i l t e r s e l e c t s a 20 A 
bandwidth centered a t 5893, inc lud ing both D l and D2 s t e l l a r l i n e s . 
The magnetic f i e l d and the sodium vapour temperature a r e ad justed to 
opt imize the bandwidth shape and the o p t i c a l t ransmission w i t h i n t h i s 
bandwidth (see A g n e l l i e t a l , 1975, f o r d e t a i l ) . The second c a l c i t e 
p o l a r i z e r i s a Foster pr ism, which g e o m e t r i c a l l y s p l i t s i n two 
perpendicular beams the two s t a t e s of l i n e a r p o l a r i z a t i o n . The d i r e c t 
beam contains the monochromatic s i g n a l , wh i l e the other one i s used 
as a re ference to cor rec t f o r atmospheric f l u c t u a t i o n s ( t ransparency 
and s c i n t i l l a t i o n ) . 
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F i g 2. Optical Scheie of the instrument.The beat posses through a 
Bar Ioi lens LI. the diaphrage D, the second lens 12, the 
interferential filter F, the polarizer Pt before the sodiue-cell 
eh ich is heated and is inserted in a ragnetic field. Rt the 
output, it is split in teo different polarizations bu the Foster 

Prise P2. The teo beaes then feed the photoeult ipl lers PHI and 
H2. C is a guiding T.U. caeera. 

The sodium-cel l i s soie th ing new as coopered t o the one used i n our 
prototype ins t r ia ient . The hot sodium vapour i n s i d e a vacuum c e l l 
chemical ly reac ts w i t h the g lass . Th is r e a c t i o n r e s u l t s i n a 
darkening of the c e l l windows, and our prototype c e l l had a l i f e t i m e 
not longer than a few n i g h t s . 

The new concept (suggested by À. Cacc ian i ) consists of 
in t roduc ing i n t o the c e l l a n e u t r a l gas (Argon) to l i m i t the 
f r e e - p a t h of sodium atoms to the center of the c e l l and avoid 
condensation on the o p t i c a l windows. I n t h i s des ign , the o p t i c a l p a r t 
of the sodium c e l l i s not heated, and the l i f e t i m e i n increased to 
severa l months, q u i t e long enough compared w i t h the usual d u r a t i o n of 
a n observing a l l o c a t e d t ime on any l a r g e te lescope. 

The p h o t a n u l t i p l i e r * i s chosen to have the h ighest quantum 
e f f i c i e n c y and i t s dark current i s reduced to a non d i s t u r b i n g l e v e l 
simply by cool ing i t . 

I n our pro to type , the major source of noise ( w i t h c l e a r sky) was 
an i n s u f f i c i e n t r e j e c t i o n of guiding e r r o r s . The two beams being 
g e o m e t r i c a l l y separated a f t e r the Foster pr ism, t h e i r random motions 
due t o guid ing could never be e n t i r e l y corrected by d i v i s i o n . Th is 
s i t u a t i o n w i l l be improved by p u t t i n g a T .V. camera d i r e c t l y i n the 
reference channel beam. I t w i l l make possib le to guide autamat ica ly 
the telescope on our s t a r , and independently of the i n t e r f a c e between 
the telescope and the instrument. 

Ho t e s t have y e t been made as the instrument i s now under 
construct ion . The expected performance f o r a photon-noise l i m i t e d 
observat ion i s the d e t e c t i o n , w i t h a s i g n a l - t o - n o i s e r a t i o of 3 (a 
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th ree -s igna l e v e l ) , of a 50 cm/s T e l o c i t y aap l i tuAe per s i n g l e node 
by observing a zero magnitude s t a r w i t h a four meter te lescope during 
one n i g h t . There fo re , a few n i g h t s of observations should provide a 
s u f f i c i e n t confidence i n the d e t e c t i o n of o s c i l l a t i o n s of solar 
ampl i tudes. On the other band, the day-n ight a l te rnance w i l l a l n y s 
degrade the r e s o l u t i o n by in t roducing f r i n g e systems which have 
t y p i c a l l y the same frequency separa t ion as the p a i r s of eigenmodes of 
degree 0 and 2 , or of degree 1 and 3. Th is problem has long been 
studied and debated i n the case of the sun, and r e s u l t s i n the 
severa l p r o j e c t s of wordwide networks t h a t you know. Although i t i s 
not y e t reasonably conceivable t o organize a Worldwide network of 
s t e l l a r observat ions, we p l a n t o do a f i r s t step i n t h i s d i r e c t i o n , 
by a j o i n t observat ion using two l a r g e telescopes separated of about 
12 hours i n longi tude . Our i n i t i a l t a r g e t w i l l be Procyon, i n 
february 1988, observed simultaneously from H&una Eea w i t h the CHF 
3 .6 meter te lescope, and from Zelentcbuk w i t h the SAO 6 meter 
te lescope. 
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