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ABSTRACT. An infrared photometric survey o f a l l 40 known g a l a c t i c 
WC7-10 s t a r s shows that around most o f them hot amorphous carbon i s 
condensing continuously a t d is tances o f about 8500 R Q / we l l within the 
ionized s t e l l a r winds around these s t a r s . Typical dust production rates 
are of the order of 10 ~ 7

 M Q / V T . 

1 . INTRODUCTION 

Evolved massive s t a r s in t h e i r Wolf-Rayet phase are a p a r t i c u l a r l y 
appropriate subject for t h i s Symposium on Circumstel lar Matter, because 
t h i s i s a l l we can see o f the WR s t a r s ! UV and o p t i c a l continua a r i s e 
in the lower regions o f the dense s t e i l e r winds, IR and radio continua 
are formed in the outer regions , while X-rays are apparently observed 
where winds of b inar ie s c o l l i d e . 

IR photometric observations of WR s t a r s s ince the e a r l y 1970*s have 
shown two kinds o f IR excesses: f r e e - f r e e radiat ion caused by dense 
s t e l l a r winds (M^h « 1 - I 2 x l 0 ~ 5 Μ φ / y r , M^ç « 2 . 5 - 1 5 x l 0 ~ 5 Μ φ / y r , van 
der Hucht e t a l . , 1986) and thermal emission by hot (T « 1000 K) 
c i rcumste l lar dust . This dust radiat ion i s observed from the l a t e s t 
subtypes o f the WC sequence only and known for some cases s ince the 
work of Al len e t a l . ( 1 9 7 2 ) . In order t o study o r i g i n , composition and 
mass o f t h i s hot c i rcumste l lar dust around WR s t a r s , we carr ied out an 
IR ( JHKLMN1N2N3^20) photometric survey a t ESO and UKIRT s ince 1982 o f 
a l l the 40 known g a l a c t i c WC7-10 s t a r s (van der Hucht e t a l . , 1981 , and 
updates) , supplemented with IRAS data . 

2 . WC STAR DUST 

We find hot dust around 5 o f the 10 known WC8 s t a r s , around 15 of the 
17 known WC9 s t a r s and around the one and only known WC10 s t a r . In 
addi t ion , episodic presence o f hot dust i s found around 2 o f the 12 
known WC7 s t a r s : the WC7+a s t a r WR137 * HD192641 (Wil l iams e t a l . , 
1985) and the WC7+04 system WR140 = HD193793, recent ly recognized as a 
spectroscopic binary (P » 7 . 9 y r , Wil l iams e t a l . , 1987b; t h i s 
Symposium). Typical energy d i s t r i b u t i o n s can be found in van der Hucht 
e t a l . ( 1 9 8 5 ) . Heated dust emission from two very l a t e WN s t a r s was 

455 

/. Appenzeller and C. Jordan (eds.), Circumstellar Matter, 455-456. 

© 1987 by the IAU. 

https://doi.org/10.1017/S0074180900156992 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900156992


456 Κ. Α. V A N DER HUCHT ET AL. 

reported by van der Hucht e t a l . ( 1 9 8 4 ) : the WN10 s t a r WR122 and the 
suspected WNU s t a r LSS4005. High reso lut ion spectroscopy of the l a t t e r 
shows that i t i s b e t t e r c l a s s i f i e d as Ofpe/WN9 or B[e ] (van der Hucht 
e t a l . , 1 9 8 7 ) . 

The hot dust s h e l l s around WC s t a r s can be characterized by the 
fol lowing aspects : ( a ) the IR energy d i s t r ibut ions are f ea ture le s s , 
except for the i n t e r s t e l l a r 9 . 7 # absorption feature, for which we find 
a re la t ion K^/T^tl = 1 9 . 8 ± 1 . 7 ; ( b ) the dust s h e l l s are o p t i c a l l y thin 
in most cases; and ( c ) the dust i s being formed continuously at a f ixed 
dis tance from the s tar wLthtn the tontzed stellar utnd. The fac t that 
the IR energy d i s t r i b u t i o n s are feature less rules out d i e l e c t r i c 
gra ins , and the l / λ emiss iv i ty found for the episodic dust producer 
WR140 (Wil l iams e t a l . , 1987) po ints t o amorphous carbon. Table 1 g ives 
some t y p i c a l WC dust s h e l l parameters. The dust production by the 10 
l a t e WC s t a r s within 3 kpc from the Sun amounts t o 6 x l 0 ~ 7 Μφ/yr, o r , 
projected on the g a l a c t i c plane, 1 . 4 x l 0 1 8 g / k p c 2 . s . 

Van der Hucht e t a l . ( 1 9 8 6 ) 
T a b l e 1 . WC dust s h e l l parameters 
average WC8 WC9 WC10 

values ( J D £15) (JJ 

argue that WC7-10 s t a r s have 
mass lo s s rates 2 t o 3 times 
greater than the WC4-6 s t a r s 
and that , because of t h e i r 
lower terminal wind v e l o c i t i e s , 
WC7-10 s t a r s consequently have 
4 t o 7 times larger s t e l l a r 
wind d e n s i t i e s . The l a t e WC 
subtypes apparently provide 
the proper circumstances for 
dust t o form: at those r a d i i 

L I R / L * 

Τ ( Κ ) 

R <*Θ> 3 

ρ (g / cnT) 

P/Pgas 
J* ( Μ Θ > 
M (Mç/yr) 

.02 
1550 
7300 
5 .8E-21 
0 .0008 
3 . 1E-8 
5 .4E-8 

.10 
1350 
8900 
3 .4E-20 
0 .008 
2 . 9E-6 
3 .7E-7 

.59 
1330 
6600 
5 .7E-18 

l .OE-5 
2 .5E-5 

where the radiat ion temperature for the dust grains i s about 1000 t o 
1500 K, the gas dens i ty in the ionized carbon-rich ( 2 5 % by number, 
Prantzos e t a l . , 1986) WC s t e l l a r wind i s s u f f i c i e n t l y high t o al low 
dust formation. WC s t a r s ho t t er than WC7 apparently have winds of 
i n s u f f i c i e n t dens i ty at r a d i i where dust could survive in the s t e l l a r 
radiat ion f i e l d s . This gas dens i ty l i m i t above which dust can form i s 
4 . 3 x l 0 " 1 8 g / cm 3 , i . e . η = 3 . 4 x l 0 5 cm" 3 . 

Part icu lars o f t h i s study are 
Astrophysics (Wil l iams e t a l . , 1987a) . 
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