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ABSTRACT. The Infra-Red Astronomical S a t e l l i t e , working a t 12ym, 
25um, 60ym and 100um, has observed s t a r s in severa l subgroups of the 
hydrogen de f i c i en t s t a r s . Observations of most known R CrB s t a r s a re 
repor ted here , as well as data for s eve ra l HdC s t a r s and other 
carbon-r ich s t a r s , toge ther with some in te rmedia te helium r i c h s t a r s 
and r e l a t e d o b j e c t s . Also given are LRS spec t r a of R CrB, RY Sgr, 
u Sgr and some Carbon s t a r s . I n i t i a l reduct ions of the add i t i ona l 

observat ions from IRAS show an extended dust s h e l l around R CrB, and 
probably a l so around SU Tau. 

1. INTRODUCTION 

The major t ask of IRAS was to survey the whole sky a t in f ra red 
wavelengths, namely 12um, 25pm, 60ym and lOOpm. Between January 1983 
and November 1983 i t surveyed over 96% of the sky. This occupied 
about 60? of the t o t a l t ime, and in some of the remaining t ime, 
add i t iona l observat ions could be made, u sua l ly small r a s t e r scans for 
nominated i n t e r e s t i n g o b j e c t s . As can be seen from Figure I I . C . 9 in 
the IRAS Explanatory Supplement (1984), the IRAS survey de t ec to r s 
make broad band photometric measurements of the sources they d e t e c t , 
and these values must be cor rec ted for the s p e c t r a l shape of the 
ob jec t . In add i t ion to the survey de tec tor a r ray t he r e was a l so a Low 
Resolut ion Spectrometer with two channels , covering the wavelength 
region between about 8um and 23ym. Kilkenny and Whit tet (1984) give 
UBVRIJHKLMNQ photometry for s eve ra l R CrB s t a r s , and match the energy 
d i s t r i b u t i o n s with black body con t r ibu t ions from the s t a r and 
surrounding dust s h e l l . At wavelengths longer than t h a t of the L band 

The Infra-Red Astronomical S a t e l l i t e was developed and operated by 
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Aeronautic and Space Adminis t ra t ion and the U.K. Science and 
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Figure 1 Energy d i s t r i b u t i o n s for sources found by IRAS. F i l l e d 
c i r c l e s (•) a re IRAS colour cor rec ted f luxes ; open c i r c l e s (o) are 
power law cor rec ted f luxes ; crosses (x) show data from Kilkenny & 
Whit te t (1984). The s o l i d l i n e shows the power law f i t , and the 
dashed l i n e comes from the model f i t of Walker (1985) 
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(3.5ym) t he r e i s no s i g n i f i c a n t con t r ibu t ion to the f lux observed 
from the s t e l l a r energy d i s t r i b u t i o n . This means, for the R CrB 
s t a r s , IRAS only measures the dust s h e l l s around the s t a r s and not 
the s t a r s themeselves. For some of the b r igh te r helium s t rong 
( in termedia te helium r i c h ) s t a r s and helium weak s t a r s , i t i s the 
s t e l l a r f lux t ha t IRAS d e t e c t s . 

2. SURVEY RESULTS 

Walker (1985) gave f luxes for 19 hydrogen de f i c i en t s t a r s , comprising 
most of the R CrB s t a r s and most of the hydrogen de f i c i en t close 
b i n a r i e s . Table I includes 54 o b j e c t s , using much re laxed c r i t e r i a 
for flux q u a l i t y , pos i t i on and object type . Objects in the groups of 
the Am/Ap s t a r s , helium weak and helium s t rong s t a r s a re inc luded, 
s ince they are bel ieved to be r e l a t e d groups of o b j e c t s , with the 
temperature being r e spons ib l e for the sur face abundance anomalies 
observed (Osmer and Peterson, 197*0. Also included are some br ight 
Carbon s t a r s (from the General Catalogue of cool Carbon s t a r s by 
Stephenson, 1973), an i n t e r e s t i n g con t r a s t t o the h o t t e r HdC s t a r s 
and R CrB s t a r s . XX Cam was not found in the IRAS survey, but 
f o r t u n a t e l y the object was observed in the add i t i ona l observa t ion 
programme, so t ha t f luxes are a v a i l a b l e , al though they a re of a lower 
q u a l i t y , due t o the pre l iminary na ture of the c a l i b r a t i o n for the 
add i t i ona l obse rva t ions . None of the extreme helium s t a r s were found 
in t he IRAS Point Source Catalog. The f luxes in Table I a re cor rec ted 
assuming a black body energy d i s t r i b u t i o n between 12ym and 100um. The 
temperature for the co r rec t ion f ac to r was derived by t ak ing the r a t i o 
of f luxes in two adjacent bands, and a mean co r r ec t i on used for the 
middle band where the two r a t i o s from th ree bands gave d i f fe ren t 
va lues . 

Shown in F i g . 1 a re the energy d i s t r i b u t i o n s for those sources 
with f luxes in two or more bands (using f i l l e d c i r c l e s for the IRAS 
d a t a ) . The energy d i s t r i b u t i o n s for the c lose b ina r i e s are shown in 
Walker (1985). The model f i t t o the energy d i s t r i b u t i o n s shown in 
F ig . 1, taken from Walker (1985), i s sketched as a dashed l i n e , and 
the temperature of the f i t t o the model curve i s shown in F ig . 1 and 
given in Table I . Data from Kilkenny and Whit tet (1984) a re shown in 
F ig . 1 as c ro s se s . As can be seen from Fig . 1 some energy 
d i s t r i b u t i o n s are poorly represented by a black body curve, and a 
power law dependence on frequency would be much more a p p r o p r i a t e . 
Schaefer (1986) used t h i s approach for modelling the IRAS da ta , and 
his approach (discussed in more d e t a i l in 2.1) i s followed here . F ig . 
1 shows the IRAS fluxes cor rec ted for a power law dependence on 
frequency, p lo t t ed as open c i r c l e s , with a s u i t a b l e power law shown 
as a s o l i d l i n e . 

The source MV Sgr i s a source of confusion, as well as a 
confused source as seen by IRAS. Walker (1985) s e l e c t e d an IRAS 
source d i f fe ren t from the one given here , on the bas i s of the raw 
data s t reams . When the pos i t ion alone (as given in the IRAS Point 
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Table I Hydrogen d e f i c i e n t s t a r s and r e l a t e d o b j e c t s w i t h IRAS f l u x e s 

s ta r 

R CrB s t a r s 
XX Cam 
SU Tau 
UW Cen 
Y Mus 
DY Cen 
S Aps 
R CrB 
RT Nor 
R2 Nor 
LR SCO 
WX CrA 
VZ Sgr 
RS Tel 
GU Sgr 
V CrA 
SV Sge 
Rlf Sgr 
V182 Cyg 
U Aqr 
UV Cas 

V318 Sgr 
HV Sgr 

HdC s t a r s 
HD137613 
HD118839 
HD173109 
HD175893 
V605 Aql 
HD182010 

IRAS name 

05161*1903 
12101-5115 
13025-6511 
13221-5359 
15013-7152 
15165*2818 
16200-5913 
16287-5309 
17213-1318 
18051-3720 
18119-2913 
18151-1631 
18211-2117 
18111-3812 
19059*1732 
19132-3336 
19577*3351 
22006-1652 
23001*5920 

18372-2257 
18115-2100 

15218-2159 
not de tec ted 
18133-3123 
18556-2931 
19158*0111 
19201-1018 

Close b i n a r i e s 
KS Per 
HD37017 
LSS1300 

B Lyr 
o Sgr 

01153*1311 
not de tec ted 
17316-3521 
18182*3318 
19188-1603 

He s t r o n g s t a r s 
HD37179 
HD93030 

05362-0237 
10111-6107 

He weak s t a r s 
HD5737 
HD19100 
HD120709 
HD113699 
HD175156 

Am/Ap s t a r s 
HD18557 
HD21712 
HD129171 
16 Dra 
HD20111I 

C 3 ta r s 
S Aur 
BL Or l 
U Ant 
U Hya 
V Aql 
U Cyg 
Y Pav 
TX Psc 

00561-2937 
03021-7205 
13189-3211 
16002-3827 
18518-1510 

02563-0958 
03529-1211 
11383*1637 
18116*5529 
21250*1837 

05238*3106 
06225*1115 
10329-3918 
10350-1307 
19017-0515 
20180*1711 
21197-6956 
23138*0312 

Notes f o r Table I 

IRAS 
12um 

0 .23 : 
9.50 
7.81 
0.83 
1.05 
2.71 

33.83 
0.85 
3.08 

10.72 
1.89 
1.13 
1.31 
0.97 
1.95 
3.29 

63.88 
0.85 
1.12 
3.81 

5.05 
0 .86 : 

0.12 

0.53 
0 .11 
5.83 
0.58 

1.26 

6.00 
1.13 

136.6 

5.33 
1.01 

0.50 
0.32 
0.71 
0.31 
0.67 

0.33 
0.39 
0.68 
0 .11 
0.11 

119.0 
11.23 

125.0 
167.1 
110.2 
89.37 
95.21 

118.0 

f l u x e s (co lour c o r r M J y ) 
25um 

0 . 1 1 : 
1.11 
5.57 
0.29 
0.81 
1.02 

13.81 
0.39 
1.77 
7.75 
0.61 
0.60 
0.57 
0 .66 : 
2.00 
1.66 

20. B0 
0.35 

<0.51 
1.28 

2.78 
1.18 

<0.39 

<0.35 
<0.37 
30.39 
<0.32 

0.11 

2.18 
1.95 

33.69 

11.89 
0 . 2 1 : 

<0.21 
<0.51 
<o. 31 
<0.10 
<0.36 

<0.66 
<0.25 
<0.25 
<0.25 
<0.30 

31.51 
11.59 
31.16 
57 .11 
28.96 
28.17 
31.91 
30.12 

60um 

1.52 
8.16 

< 1.06 
<0.19 
<0.10 

3.08 
<0.12 
<5.62 

3.11 
0.78 

<0.10 
<1.10 

0.11 
0 .39 : 

<0.15 
1.12 

<5.57 
<0.10 
<3.35 

2.52 
0 .61 

<0.10 

<0.10 
<0.10 
35.70 
<0.10 

<0.10 

<8.69 
0.66 
6.11 

5 . 9 1 : 
<2.01 

<0.10 
<0.10 
<0.10 
<0.52 
<0.73 

<0.10 
<0.10 
<0.10 
<0.10 
<0.17 

7.22 
3.10 

20.50 
13.16 

8.56 
6.50 
7.91 
8.86 

lOOum 

2.78 
5.38 

< 11.59 
<2.21 
<1.00 

1.72 
<3.01 

<66.31 
7 .06 : 

<2.93 
<30.23 

<1.18 
<38.89 

<1.27 
<3.81 

3.99 
<61.30 

<1.00 
<18.97 

<13-02 
<3-38 

<1.06 

1.89: 
<1.71 
16.59 
<1.38 

< 1 - 31 

<123 
<1.00 

2.30 

<11.72 
<21.01 

<1.05 
< 1.75 
<1.00 

<1 5.55 
<1.02 

<1.00 
<1.11 
< 1 .00 
<1.00 

<17.20 

10 .15 : 
2.56 

18.31 
12.67 
5.03 

<15.78 
1.50 
5.95 

temperature 
12/25 

150 
700 
100 
900 
350 
800 
700 
550 
550 
100 

1000 

600 
100 
700 
650 

1000 
650 

950 

500 
235 

160 

1000 

650 
650 

1000 

200 

model 

700 
100 

800 
650 
550 
600 

900 

750 

650 

800 

550 

1000 

750 
600 

1000 

>1OO00 

2500 
1200 
1900 

900 
2500 
1100 
800 

3000 

(K) 
(B-V) V 

0.85 7.35 
1.08 9.77 

0.31 12.39 
1.23 9.79 
0.79 10.21 
1.11 10.72 

0.55 9.72 
1.31 11.0 

1.05 10.0 

0.79 10.21 
1.89 10.51 
0.65 6.50 

1.16 10.65 

0.30 10.6 
0.26 12.7 

1.12 7.51 

0.89 9 .51 
1.19 9.26 

1.08 6.96 

0.18 7.76 

0.82 9.75 
0.00 3.15 
0.10 1.61 

- 0 .19 6.65 
-0 .22 2.76 

- 0 . 16 1.31 
- 0 . 1 1 5.53 
- 0 . 13 1.56 
- 0 . 1 1 1.89 

0.17 5.10 

0.22 6 .11 
0.32 6.00 

-0 .03 1.91 
-0 .09 5.01 

0.07 5.31 

6.5 10.7 
2.33 6.2 
2.95 5.63 
2.51 1.97 
1.19 6.90 
3-31 8.5 
2.82 6.11 
2.60 5 .01 

Sources" f o r V and (B-V) 
Blanco et a l . (1968) f o r : LR Sco, HD175893, HD173109 
Buscombe (1977) Tor : HD137613, H0182010 
Buscombe (1980) f o r : XX Cam, WX CrA, RY Sgr , S Aps, RS T e l , SU Tau, V CrA, RT Nor, 

SV Sge, BL O r l , u Hya, U An t , S Aur 
Fern le et a l . (1972) f o r : R CrB, UV Cas 
Hack (1967) f o r : HD30353 
He rb ig (1961) f o r : HV Sgr 
H o f f l e i t * Jaschek (1982) f o r : 6 L y r , u Sgr , HD37179, HD93030, HD5737. HD19100, 

HD120709, HD175156, H0113699, HD18557, HD21712, HD129171, 16 Dra , HD201111, 
V A q l , Y Pav, TX Psc 

Houzlaux (1968) f o r : V3I8 Sgr 
D r i l l i n g et a l . (1981) f o r : LSS1300 
Rao ( p r i v . comm.) f o r : DY Cen 
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Figure 2 Palomar Sky Survey f i e l d around MV Sgr, with MV Sgr 
arrowed. C i r c l e s show the pos i t i on of IRAS sou rces . The box i s 16 
arcmin wide. 

Source Catalog) i s used as the c r i t e r i o n , the post ion agrees very 
well with the one expected. Lynas-Gray (p r iva te communication) 
provided h is f ind ing chart of MV Sgr, shown in F ig . 2, with MV Sgr 
arrowed. P lo t t ed on top of t h i s , shown as c i r c l e s ( the s i z e of the 
c i r c l e has no meaning) a r e the IRAS Point Source Catalog sou rces . The 
two SAO s t a r s in t he f i e l d , f u r t h e s t l e f t and fu r t he s t r i g h t , agree 
e x c e l l e n t l y in p o s i t i o n with t h e i r IRAS c o u n t e r p a r t s , as does the 
source assoc ia ted with MV Sgr. 

2.1 THE POWER LAW DEPENDENCE OF THE ENERGY DISTRIBUTIONS 
Following the suggest ion by Schaefer (1986) a power law dependence of 
f lux with frequency i s f i t t e d t o the IRAS data (shown in F i g . 1 ) . As 
with Schaefer the formula by Rees et a l . (1969) i s used: 

C 
f « v where £ = % [ 2 + a - (4 + a) (2 -B) ] 

v 

-6 
with the grain number dens i ty p a r 

a 
and the absorpt ion coe f f i c i en t Q « v 
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Table I I Values for the Power Law Terms 

i f p = 2 i f a = 1 i f 6 = 2 i f a = 1 
s o u r c e 

UV Cas 
WX CrA 
Y Mus 
S Aps 
RY Sgr 
RS Tel 
SU Tau 
SV Sge 
V CrA 
V182 Cyg 

a 

0 . 7 5 
1 . 00 
0 .75 
0 .50 
1.00 
0 .00 
0 .25 
0 .25 
1.00 
0 .00 

e 
1.95 
2 . 0 0 
1.95 
1.90 
2 .00 
1 .80 
1.85 
1.85 
2 .00 
1.80 

s o u r c e 

R CrB 
RZ Nor 
RT Nor 
XX Cam 
UW Cen 
LR Sco 
GU Sgr 
DY Cen 
V348 Sgr 

a 

1.00 
- 0 . 2 5 
- 0 . 2 5 
- 0 . 7 5 
- 1 . 2 5 
- 0 . 5 0 
- 1 . 2 5 
- 2 . 0 0 
- 0 . 5 0 

8 

2 .00 
1.75 
1.75 
1.65 
1.55 
1 .70 
1.55 
1 . 10 
1.70 

T r a d i t i o n a l l y , for s t a r s with s teady mass l o s s ( 5 = 2 , and for pure 
g raph i t e a = 2. The ac tua l value for a i s expected to be lower 
s ince the g raph i t e i s more l i k e l y impure and amorphous. 

F i r s t , a f te r co r r ec t i ng t he IRAS f luxes for a power law 
dependence, s e t t i n g 6 = 2, I found values for a (shown in F i g . 1 
and i n Table I I ) , for each of the s u i t a b l e R CrB s t a r dust s h e l l s . 
The assumption of s teady mass l o s s seems doubtful for the R CrB 
s t a r s , a susp ic ion re in forced by the scena r io t ha t Feast suggested at 
t h i s meeting, of mass l o s s by ' p u f f s ' , so I s e t a = 1, a value often 
c u r r e n t l y used, and found which value of 6 r e s u l t e d . These values 
are a l so shown in Table I I . A small change in 6 has a l a rge ef fec t 
on £ , sugges t ing t h a t the assumption about the dependence of the 
gra in number dens i ty on d is tance from the s t a r i s very s e n s i t i v e . The 
values derived here are a lso very s e n s i t i v e t o the f lux cor rec t ion 
app l i ed . If a power law i s f i t t e d t o the colour correc ted f luxes 

a i s changed by 0.25 in most cases . 

2.2 THE (B - V) VS. (V - [12]) DIAGRAM 
Following Waters et a l . (1986), a colour-colour diagram was p lo t t ed 
for the sources with 12um f luxes (from which the 12|jm magnitude was 
found) and a v a i l a b l e V, (B-V), shown in F ig . 3- The values found are 
shown in Table I , and the source of the values i s given in the n o t e s . 
The parameter (B-V) shows a property of t he s t a r , whi l s t the (V-[12]) 
colour r e f l e c t s the con t r ibu t ion of the dust s h e l l , i f p re sen t . The 
l i n e followed by the normal s t a r s , as given by Waters et a l . i s a lso 
shown, va l i d in the i n t e r v a l -0 .25 < (B-V) < 1.60. The sepa ra t i on of 
the sources i n t o severa l d i s t i n c t groups i s qu i te obvious. The Carbon 
s t a r s are reddes t in (B-V) and have the g r e a t e s t excess at (V-[12] ) . 
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The Am/Ap s t a r s and the helium weak s t a r s follow the l i n e for normal 
s t a r s , showing t h a t they have no dust s h e l l p re sen t . Of the helium 
s t rong s t a r s , HD93030 (6 Car) has no evidence of a dust s h e l l , and 
HD37H79 ( a Ori E) shows severa l magnitudes of excess , confirming the 
suggest ion by Groote and Hunger (1982). They found a s h e l l around 
HD371t79 with a temperature of 270K, which i s not very d i f f e ren t from 
the temperature of 200K, found by the 12ym/25um r a t i o from IRAS. The 
HdC s t a r s tend to c l u s t e r near t he normal s t a r s l i n e , one of the two 
objects to show an excess i s V605 Aql, a r a t h e r unique object 
(Kholopov, 1985). Of the c lose b i n a r i e s 6 Lyr i s the s t a r c lose to 
the normal s t a r s l i n e , sugges t ing t h a t the system has l i t t l e or no 
dus t . This s t a r i s the group member with t he most near ly normal 
hydrogen abundance. DY Cen i s the R CrB s t a r c l o s e s t to the two hot R 
CrB s t a r s , V348 Sgr and MV Sgr, which have the l a r g e s t (V-[12]) 
excesses in the group. XX Cam i s the R CrB s t a r s i t t i n g on the normal 
s t a r s l i n e . The IRAS observat ions confirm t h a t i t may not be an R CrB 
s t a r at a l l , but r e a l l y an HdC s t a r . This i s supported by Rao et a l . 
(1980) who point out t ha t the s t a r has undergone only one minimum 
between 1898 and 1980. 

3. LRS SPECTRA 

As repor ted by Walker (1985) two R CrB s t a r s and one helium r i ch 
close binary were br ight enough to have LRS spec t r a a v a i l a b l e . F ig . 4 
shows R CrB and RY Sgr, with the spec t r a p lo t t ed as log (f lux) 
aga ins t log (wavelength), toge ther with s p e c t r a from some Carbon 
s t a r s from the General Catalogue of cool Carbon s t a r s by Stephenson 
(1973). These Carbon s t a r s were r e t r i e v e d with the help of R. de 
Gri jp (Leiden) and M. de Muizon (Le iden /Pa r i s ) . The R CrB s t a r s have 
a very smooth dec l ine in energy with wavelength, to be expected from 
carbon r i c h d u s t . The Carbon s t a r s , c h a r a c t e r i s t i c a l l y , have a broad 
emission f ea tu re around 11ym, ascr ibed t o SiC a t 11.5umi shown 
c l e a r l y in the s p e c t r a of V CrB and V Aql. TX Psc, thought by Goebel 
and Johnson (1984) to be de f i c i en t in hydrogen, looks very s imi la r t o 
the R CrB s t a r s , u n t i l the 12pm/25ym r a t i o i s checked, and tha t 
r evea l s t h a t the LRS spectrum i s the t a i l of the s t e l l a r energy 
d i s t r i b u t i o n . U Hya and Y Pav a r e c l o s e s t t o the R CrB s t a r s with 
very weak 11ym f e a t u r e s , u Sgr, at the bottom r i g h t of F ig . 4, shows 
an emission f ea tu re around 9.5ym, which i s a t t r i b u t e d t o s i l i c a t e s . 

4. IRAS ADDITIONAL OBSERVATIONS 

Three groups had independently appl ied t o the UK Guest Observer 
programme for time to observe R CrB s t a r s with IRAS. These groups 
were led by Evans (Keele) , Hi l l (S t . Andrews) and Nandy (ROE), 
inc lud ing about twelve people in the p roposa l s , and time was awarded 
in both observing rounds for the R CrB s t a r s . The group led by Hi l l 
was a l so awarded some observat ions of the ho t t e r hydrogen de f i c i en t 
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Figure k LRS spec t r a for some hydrogen de f i c i en t s t a r s and Carbon 
s t a r s 

s t a r s . As s t a t e d e a r l i e r , the f luxes derived from the add i t iona l 
observat ions made with IRAS are not as r e l i a b l e as the f luxes from 
the IRAS ca t a log , so they wi l l not be used here , except in the case 
of XX Cam where no other f luxes at the IRAS wavelengths are 
a v a i l a b l e . The f luxes shown for XX Cam in Table I and F i g . 1 have 
been corrected using the updated co r r ec t i on f ac to r s r e l ea sed in l a t e 
1985, but the values may change in the fu tu re as the c a l i b r a t i o n of 
the add i t iona l observa t ions i s improved. 
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Figure 5 P ro f i l e s for some R CrB 
s t a r s from the IRAS add i t iona l 
obse rva t ions , with the p r o f i l e of 
NGC 6543 shown on each as a so l i d 
l i n e . 
(a) R CrB (b) SU Tau 
(c) RY Sgr (d) XX Cam 
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As someone c lose ly involved in the IRAS mission, having wr i t t en 
the command sequences for the add i t i ona l observa t ions and helped in 
the schedul ing of them, i t i s a p leasant sup r i s e t o f ind t h a t the 
scheduling occas iona l ly worked b e t t e r than expected. The R CrB s t a r s 
were monitored on the ground during the IRAS mission, in case they 
went i n t o minimum, and Evans (p r iva te communication) r e c e n t l y sen t me 
a graph of the dec l ine in R CrB in 1983, with the IRAS add i t iona l 
observat ions scheduled when the s t a r was halfway towards minimum 
l i g h t . 

Since the add i t iona l observat ions were taken using severa l 
d i f fe ren t command sequences, involving d i f f e r en t s a t e l l i t e speeds, I 
have reduced the data r e l a t i v e t o the c a l i b r a t i o n source NGC 6543i a 
p lanetary nebula at the north e c l i p t i c pole . This source i s regarded 
by IRAS as a point source , al though i t does s i t on a weak p la t eau of 
emission at the longer wavelengths. With the aid of P. Schwering 
(Leiden) I was able t o plot the p r o f i l e s of the sources observed in 
the add i t i ona l observat ion programme, and I measured the f u l l width 
at half maximum i n t e n s i t y , and a l so at zero i n t e n s i t y (shown in Table 
I I I ) . Each p r o f i l e i s the r e s u l t of two independent observat ions of 
the source , except for 6 Lyr and u Sgr where only one add i t i ona l 
observat ion was taken. F ig . 5 shows the source p r o f i l e s of R CrB, SU 
Tau, RY Sgr, and XX Cam, p lo t t ed as f i l l e d c i r c l e s , with the p r o f i l e 
of the reference point source NGC 6543 drawn in as a s o l i d l i n e . R 
CrB has a very obviously d i f f e ren t p ro f i l e a t longer wavelengths when 
compared with the reference point source . SU Tau a l s o devia tes 
s i g n i f i c a n t l y from the reference point source at 100pm, although the 
source i s weak a t the longer wavelengths, and has a c lose neighbour. 

8 Lyr i s very weak at 100ym. The measurements of the f u l l width at 
zero i n t e n s i t y obviously have a l a rge e r ro r a t t ached , due t o the 
d i f f i c u l t y in judging where the slow dec l ine in f lux crosses the 
background l e v e l , but the values derived do show the r a d i c a l 
d i f ference in the shape of the p r o f i l e of R CrB, and to a l e s s e r 
extent tha t of SU Tau, which has a width s imi l a r t o the p la teau for 
NGC 6543. RY Sgr i s the be t t e r guide t o the point source p r o f i l e at 
100ym. 

The f u l l width at zero i n t e n s i t y for R CrB i s almost 20 arcmin, 
which implies a very l a rge dust s h e l l . Rao and Nandy (1986) have made 
an ana lys i s of t h i s l a rge s h e l l and obtained a black body temperature 
of 30K. They found a dust mass of 4.8 x 10~5 Mg (which with a gas to 
dust r a t i o of 100 implied a t o t a l mass in the s h e l l of about 5 x 10 
M9). There i s , however, s t i l l the inner extended s h e l l t o be s tudied 
at lOOym for R CrB and SU Tau. For R CrB, i f i t i s at a d i s tance of 
2kpc (as suggested by Schonberner, 1975), the inner s h e l l may be 1pc 
a c r o s s , which i s a considerable s i z e for a dust s h e l l . 

5. CONCLUSIONS 

As repor ted in previous work (for example, Feast and Glass ,1973; 
Kilkenny and Whi t te t , 1984; D r i l l i n g , Landolt and Schonberner, 1984; 
Walker 1985) the extreme helium s t a r s and HdC s t a r s genera l ly do not 
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Table I I I Values for the profile widths from the additional observations 

s o u r c e 

NGC 6543 
RY Sgr 
R CrB 
SU Tau 
XX Cam 

UW Cen 
S Aps 

KS Per 
o Sgr 
8 Lyr 

s o u r c e 

NGC 6543 
RY Sgr 
R CrB 
SU Tau 
XX Cam 

UW Cen 
S Aps 

KS Per 
u Sgr 
6 Lyr 

F u l l -

12ym 

0 .85 + 0 .02 
0.81 
0 .79 
0 .84 
0 .88 

0 .77 
0 .79 

0 .78 
0.81 
0 .79 

12pm 

5 ± 1 
6 
5 
6 

(1) 

3 
3 

3 
4 
5 

0 .02 
0 .02 
0 .05 
0 .08 

0 . 1 2 
0 .12 

0 . 0 8 
0 .20 
0 . 2 0 

F u l l -

-Width-Half-Maximum ( 

25ym 

0 .84 
0 .80 
0 .78 
0 . 7 9 
0 .84 

0 .77 
0 . 7 7 

0 . 7 9 
0 .86 
0 .77 

-Width-

25um 

5 ± 1 
5 
5 
4 

(1) 

4 
(2 ) 

(2) 
4 
3 

+ 0 . 0 2 
0 . 0 3 
0 . 0 3 
0 . 0 8 
0 .20 

0 . 2 0 
0 .20 

0 . 0 8 
0 .20 
0 . 2 0 

Z e r o - I n t 

a r cmin ) 

60um 

1.52 
1.61 
1.63 
1.71 

1 . 2 8 
1.51 
1 .42 

e n s i t y 

60pm 

8 ± 3 
6 

14 
7 
-

(2) 
7 
3 

± 0 .02 
0 .04 
0 .04 
0 .10 

0 .50 
0 .20 
0 .20 

100pm 

3 .03 ± 
3.11 
5 .20 
4.31 

3 .37 
1 .87 

( a r c m i n ) 

100pm 

11 ± 3 
7 

18 
10 

-

-

9 
4 

0. 
0. 
0. 
0. 

0. 
0 . 

.04 
,08 
,08 
20 

,50 
60 
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show in f ra red excesses , and the R CrB s t a r s do show an excess . XX Cam 
does not have any i n d i c a t i o n of an in f ra red excess , and so i t i s more 
l i k e l y t o be an HdC s t a r . MV Sgr has a very cool s h e l l with a 
temperature of 235K from the 12jjm/25um r a t i o , in add i t i on t o the 
ho t te r s h e l l . HD37479 ( a Ori E) has a dust s h e l l with a tempera ture , 
from the 12ym/25ym r a t i o , of 200K. V605 Aql, not an R CrB s t a r but a 
unique v a r i a b l e , according t o Kholopov (1985), has a cool s h e l l of 
around 160K. R CrB and probably SU Tau appear t o have extended dust 
s h e l l s around them, at t he longes t IRAS wavelengths. 
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DISCUSSION 

HILL: I notice that two of the HdC stars stand above the normal star 
line in your (V-(12(i)) (B-V) relation. Is that significant? 

WALKER: I am not sure. One of them comes from Stephenson's Carbon star 
catalogue with a note in the back that says something about hydrogen 
deficiency. Again I think those are far above the line which make 
them incredibly curious and worth following up with near IR 
photometry. 

FEAST: Could I comment on that because at least one of the HdC stars 
has shown excess; which one it is I don't remember. 

HILL: I was wondering how many R CrB stars have been missed. 
WALKER: I think there might be some that might be quiescent R CrB 
stars. XX Cam is one. 

FEAST: XX Cam was originally classified as hydrogen deficient and 
somebody simply went back through the literature and found the light 
variation. 

RAO: Bidelman found it to be HdC and later Yudin showed it to be a 
variable. 

FEAST: It is true that you get quite reasonably good black body fits. 
If you look at the colors, I think there is more to it than black 
body fits. In the crude model I have been working on, you would 
expect the longer wavelength to come from further away and from lower 
temperatures. From the very few computations I have done for the 
brighter ones of the IRAS catalogue, for which we got shortward data 
as well from ground, I would expect X- emissivity to fit better than 
black body. Clearly that warrants a detailed model. It is unrealistic 
to assume that the soot particles radiate as black bodies. Since the 
3.5n flux of the R CrB shells vary substantially with time, it will 
be important to put together the IRAS results with near simultaneous 
ground based data. 

WALKER: I started to do some modelling along the lines of Harvey et 
al., 1979. As you„say X- is much better for energy distribution 
variation than v~ , I am using up till now. 

POTTASCH: Aren't you afraid in modelling these things, for you have too 
many free parameters, that you can get a fit with various gradients 
of temperatures and densities. 

WALKER: Yes, it is difficult to do with only four wave length points, 
when there are 5 free parameters. 

WING: A comment: I think I called the temperature as 700 K for the dust 
shell around R CrB in 1972 in a paper published in PASP. This was 
based on 1 to 10n photometry obtained during a visual minimum. 

FEAST: I called it 700 K in 1969 (Laughter). This agrees very well with 
your IRAS result and suggests that the grain temperature may be 
reasonably constant. 

WING: In cases where the IRAS data don't fit the same black body curve 
as the ground based data - which you suggest may indicate two shells 
at two different temperatures - couldn't the interpretation equally 
well be the time variability of the amount of dust in the shell? This 
was, I believe, the interpretation that Feast gave on Tuesday for the 
large, slow variations that he has observed in the L magnitude. 

421 
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422 DISCUSSION 

WALKER: Yes, It seems as though the variability gets less at the longer 
wavelengths. You find dramatic variations in the visual, not much in 
L. I am not sure whether it is reflected in the IRAS domain, but you 
do not expect here much variability. 

RAO: The R Cor Bor dust temperature varies even at maximum light from 
600 to 900 K, as shown in Forrest's thesis. But surprisingly, the IR 
distribution always reflected a black body. 

WALKER: You do have to be careful when you make color corrections in 
the IRAS fluxes, it is based on the shape of the energy distribution. 
It shouldn't normally change very much. On occasions, you find the 
temperature is altered quite significantly. I think the same could 
happen to values of t* which is more than the color corrections. This 
means that the fluxes themselves will get affected. 

VARDYA: In the spectra that you showed of R Cor Bor I think there is no 
feature at 11.3|i; but around 10\i there is a small blip. I do not know 
whether it is in absorption or emission, what could that be? 

WALKER: I think it is just noise. 
POTTASCH: There may be as many as 6 individual LRS spectra, so may be 
that could be checked. 

WALKER: I have Mane de Muizon (at Leiden/Paris) with me who is 
experienced with faint features. She agrees with me: these are not 
real features - but some spectroscopists never give up! 
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