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ABSTRACT: 
During l ight minimum phase, R CrB shows a broad emission 

line spectrum of He I including X 10830, X 7065, X 7281, X 3889, 
X6678 and A 3188. But X5876 is very weak. The observed in tens i ty 
rat ios of I( \ 3889)/I(\ 5876) and I ( \ 7065)/I( \5876) were greater 
than 1. The anomalous in tens i t ies of these lines appear to 
be due to op t ica l depth efects. Peliminary analysis is presented 
to derive the physical conditions of the emitt ing gas. 

I . INTRODUCTION 

During the visual l ight minimum, R CrB shows three types 
of spectra: a) an absorption line spectrum simi lar to that observed 
at maximum l i gh t , b) A sharp emission line spectrum mainly due 
to singly ionized metals; the spectrum is displaced to the blue 
by 3 to 10 kms" with reference to the absorption SDectrum observed 
at maximum, c) A broad emission line spectrum consisting of lines 
of He I , H and K lines of Ca I I and the D lines of Na I . The 
He I lines seen are: X 10830, X 7065, X 7281, X3889, X6678 and 
X3188. But X 5876 is very weak, (see F i g . l ) . Typical line widths 
are as fo l lows: He I X 3889 extends from +270 kir^ to -270 kmsj 
The Ca I I H and K lines extend from +310 kms" to -310 kms 
(Gaposchkin, 1963; Rao, 1981). 

RY Sgr also shows such emission lines during minimum. 
Such anomalies in He I lines are also seen in V348 Sgr (Dahari 
and Osterbrock, 1984). I t is l i ke ly that other R CrB type stars 
also exhib i t s imi lar phenomenon. These lines change the i r p ro f i les 
as the minimum progresses. 

We envisage a possible scenario as fo l lows: A highly excited 
and electron coll ision-dominated gas is ejected at high ve loc i t ies 
during l ight minimum. The emission lines probably arise from 
th is and we attempt model calculat ions described in Sec. I I to 
derive physical conditions of the gas cloud. 

199 

K. Hunger et al. (eds.), Hydrogen Deficient Stars and Related Objects, 199-202. 
© 1986 by D. Reidel Publishing Company. 

https://doi.org/10.1017/S025292110009076X Published online by Cambridge University Press

file:///5876
https://doi.org/10.1017/S025292110009076X


R. SURENDIRANATH ET AL. 

i 11 

I ss 

I I 

Spectra of R CrB near X 5876 region. The lower one 
was taken at minimum (11 July 1962) by G.H. Herbig when 
the s ta r ' s V magnitude was 10.0; the upper one was taken 
at maximum (11 Apr i l 1973). 
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Energy level diagram for the model He I atom used for 
the NLTE calculations. Radiative transitions solved 
in detail are shown by arrows. For the calculations 
using the photon escape probability formalism, the continuum 
and the level l'S were not included. 
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I I . MODEL CALCULATIONS 

Following Fe ldman and MacAlpine (1978), we f i r s t solved 
the equations of s t a t i s t i c a l equi l ibr ium for an 11 level He I atom, 
and derived the line i n tens i t i es . The ef fect of f i n i t e op t ica l 
depth T was introduced, by means of escape probab i l i t y for the 
photon E ( T ) , into the equi l ibr ium equations. The coupled equations 
were solved fo r the level populations by using the Gauss-Jordan 
method. The in tens i ty ra t ios I( A3889)/( A5876) and I(X 7065)/ 
I( A5876) were found to be >1 for values of e lect ion temperature 
(Te), electron density (Ne) and op t i ca l depth T 0 (10830) in the 
range. 

Te ~ 104oK, Ne : 1011 to 1012 cm"3 and x 0 ( 10830): 300-500 

Next, using the complete l i n e a r i z a t i o n technique of Auer 
e t a l (1972) , we d id Non-LTE l i ne t r a n s f e r c a l c u l a t i o n s . The 
model slab of gas f o r which the t r a n s f e r c a l c u l a t i o n s were done 
was d i v i ded i n t o 50 layers charac te r i zed by Te, e l e c t r o n pressure 
Pe, and column.mass. The upper and lower boundaries had a d i f f e r e n c e 
in Te of 3x10 °K and the change over the 50 layers i n between was 
un i fo rm. L i kew ise , Pe values changed unformly and the boundary 
values d i f f e r e d by a f a c t o r around 5. 

The composi t ion of the gas was 98% He (by number) and the 
r e s t C, H and heavy elements. A 13 leve l He I model atom was used 
(see F i g . 2 ) . Doppler broadening was assumed. The s t e l l a r r a d i a t i o n 
f i e l d was assumed t o have no e f f e c t on the gas c l o u d . The emission 
l ine p r o f i l e s were computed f o r A10830, A 3889, A7065, A5876, A 4 . 3 y 
and A 1 8 . 6 M . The f l u x e s ( i n t e g r a t e d over the l ine p r o f i l e ) f o r 
these l ines were c a l c u l a t e d . 

Various model s l a b s . w i t h Te, Pe,-,and x , were t r i e d i n the 
range Te : 5 x 10J t o 2 x 1 0 \ Ne 107 to 1 0 i D cm""* ancL xD ( A5876) . 
of 40 to 100. The f o l l o w i n g values of xD(A5876) - 1 0 , Ne - l O ^ c n f * 
and Te - 1 . 6 x 10 °K, seem t o g ive the f l u x r a t i o s F(A3889)/F( A5876) 
and F( A7065)/F( A 5 8 7 6 ) as 3.2 and 1.1 r e s p e c t i v e l y , c lose t o the 
observed r a t i o s . The above c a l c u l a t i o n s do not incorpora te v e l o c i t y 
f i e l d s . The main conc lus ion i s t h a t large o p t i c a l depths are needed 
to cause the i nve rs i on i n the l ine i n t e n s i t y of A5876. 
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