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Stars of various types are believed to be the main source of I S  dust 

grains. The most important confirmed source is evolved giant and super giant 

stars, which are estimated to eject mass at a rate of approximately 0.3M 
sun 

per year (Knapp and Morris, 1985) with a gas to dust ratio on the order of 100 

(Knapp, 1985). Supernovae may also contribute a mass loss rate of the same 

order of magnitude with important additions of heavy elements to the grains, 

In reviewing the differences between circumstellar (CS) and interstellar ( I S )  

dust the working group discussed the following topics: 

1. Alteration of CS Dust Grains on Entering the ISM - Before a grain 

begins its long and complicated life in the interstellar medium, it may under- 

go significant changes as the CS ejecta dissipate and merge into the ISM, 

Although practically no work has been done on this subject, it was noted that 

a terminating shock, occurring when a CS envelope (CSE) is stopped by the ISM, 

may alter the grains. Another concern is with the high speeds of supernovae 

ejecta, which could lead to significant grain destruction. 

2. Size Distributions of CS and IS Grains - Much less is known about 
the size distribution of CS as compared to IS grains. Jura (invited talk) 

presented evidence for the rough similarity in size of IS and CS dust grains 

around evolved stars. One approach might be to combine UV absorption measure- 

ments with observations of near infrared emission features, as Sitko, Savage, 

and Meade (1981) have done for early type stars. 

Observations of CS dust envelopes at high spatial resolution might also 

be useful in this connection. Fairly sophisticated theoretical models can be 

constructed for symmetrical envelopes which can be used to interpret observa- 

tions of scattering (at optical wavelengths) and emission (at IR wavelengths). 

The models provide a diagnostic aid for determining the gross properties of 

the CS grain size distribution. The spectral shape of the 9.7 micron feature 

might also give a clue to the amount of processing which CS grains undergo 
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b e f o r e  e n t e r i n g  t h e  ISM. For  example,  t h e  g r a i n s  might  become c r y s t a l l i n e  i f  

t h e y  a r c  a n n e a l e d  i n  t h e  CS ou t f low.  

3 .  S p a c e  O b s e r v a t i o n s  of  CS and I S  Dust  - O b s e r v a t i o n s  f rom s p a c e  c a n  - 
advance  o u r  u n d e r s t a n d i n g  of c i r c u m s t e l l a r  g r a i n s  and t h e i r  r o l e  i n  mass l o s s  

f rom s t a r s .  F o r  example,  g r a i n s  f l o w i n g  o u t  of  s t a r s  scat ter  the  i n c i d e n t  

s t a r l i g h t ,  p roduc ing  r e f l e c t i o n  n e b u l a e ,  and r e - r a d i a t e  t h e  s t e l l a r  r a d i a t i o n  

in t h e  i n f r a r e d .  A r e f l e c t i o n  n e b u l a  can  be s e e n  i n  t h e  c a s e  of t h e  Egg 

Mehula (CRL 2688) where b i p o l a r  o u t f l o w  i s  o b s e r v e d  edge  on. However, i n  most  

cases ( e . g ,  Alpha O r i o n i s )  i t  is  d i f f i c u l t  t o  o b s e r v e  t h e  r e f l e c t i o n  n e b u l a e  

b e c a u s e  of s c a t t e r i n g  i n  t h e  E a r t h ' s  a tmosphe re .  With Space T e l e s c o p e ,  i t  

s h o u l d  be p o s s i b l e  t o  make maps of  CS r e f l e c t i o n  n e b u l a e  a t  v a r i o u s  wave- 

lengths i n  t h e  o p t i c a l  and u l t r a v i o l e t  bands .  

More c o m p l e t e  i n f o r m a t i o n  on t h e  CS g r a i n s  can  be  o b t a i n e d  f rom s t u d i e s  

of t h e  energ:y b a l a n c e  of  t h e  n e b u l a e ,  which can  be accompl i shed  by measu r ing  

the f l u x  of r a d i a t i o n  i n  t h e  I R .  SIRTF w i l l  be s u i t a b l e  f o r  measu r ing  t h e  

d u s t  r e r a d i a t i o n  from 100 t o  200 mic rons  and ,  i n  some c a s e s  s u c h  as Alpha 

O r i o n i s ,  w i l l  a l s o  be a b l e  t o  p r o v i d e  maps o f  t h e  e m i s s i o n .  

It s h o u l d  be  n o t e d  t h a t  t h e  p roposed  F a r  U l t r a v i o l e t  S p e c t r o s c o p i c  

E x p l o r e r  (FUSE) c o u l d  a l s o  c o n t r i b u t e  t o  t h e  s t u d y  o f  i n t e r s t e l l a r  g r a i n s .  

The p r i n c i p a l  i n s t r u m e n t  w i l l  be a s p e c t r o g r a p h  o p t i m i z e d  f o r  t h e  912 t o  1200A 

band. Al though i t s  h i g h  r e s o l v i n g  power (30 ,000)  i s  i n t e n d e d  f o r  abundance  

d e t e r m i n a t i o n s  of t h e  i n t e r s t e l l a r  g a s ,  l o w e r  r e s o l u t i o n s  w i l l  be a v a i l a b l e  

for d e t e r m i n i n g  UV e x t i n c t i o n  c u r v e s .  S p e c t r o g r a p h s  w i l l  a l s o  be  a v a i l a b l e  i n  

the 200 t o  912A and 1200-2000A bands ,  and t h e  l a t t e r  i n s t r u m e n t  would a l s o  be  

u s e f u l  f o r  e x t i n c t i o n  measurements .  

4 ,  - Cornparison of  CS and I S  S p e c t r a  - A d e t a i l e d  u n d e r s t a n d i n g  of t h e  

q u a n t i t a t i v e  d i f f e r e n c e s  obse rved  i n  CS and I S  d u s t  s p e c t r a  would be most  

i n f o r m a t i v e  on t h e  p r o p e r t i e s  of  newly formed d u s t  and how i t  is  m o d i f i e d  i n  

o \n t f lows and i n  t h e  ISM. We d i v i d e  t h e  f o l l o w i n g  d i s c u s s i o n  of  compar i sons  

a c c o r d i n g  t o  whether  t h e  CSE i s  C-r ich  o r  0 - r i c h .  
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a .  0-Rich CSEs - The 9.7 micron s i l i c a t e  f e a t u r e  is  observed i n  bo th  CS 

and I S  environments ,  Although t h e  CS emiss ion  f e a t u r e  i s  q u a l i t a t i v e l y  s i m i -  

l a r  t o  t h a t  observed toward t h e  Orion Trapezium r e g i o n ,  t h e r e  a r e  s i g n i f i c a n t  

q u a n t i t a t i v e  v a r i a t i o n s  from s t a r  t o  s t a r  ( F o r r e s t  e t  a l . ,  1975).  These 

d i f f e r e n c e s  could  have a  v a r i e t y  of e x p l a n a t i o n s ,  e .g.  s i z e ,  compos i t ion ,  and 

p h y s i c a l  c o n d i t i o n s .  Papou la r  and Pegour ie  (1983) have emphasized t h e  impor- 

t a n c e  of  t h e  s i z e  d i s t r i b u t i o n ,  b u t  members of t h e  workshop s u s p e c t  composi- 

t i o n a l  d i f f e r e n c e s  p l a y  a  r o l e .  I n  d i s c u s s i n g  t h e s e  i n t e r e s t i n g  q u a n t i t a t i v e  

d e t a i l s ,  i t  i s  impor tan t  n o t  t o  f o r g e t  t h a t  t h e  s i m i l a r i t y  between t h e  I S  and 

CS 9.7 micron f e a t u r e s  ( u s u a l l y  a s s o c i a t e d  w i t h  t h e  Si-0 s t r e t c h  mode), s u p -  

p o r t e d  by a  s i m i l a r  correspondance between t h e  20 micron f e a t u r e  ( u s u a l l y  

a s s o c i a t e d  w i t h  t h e  0-Si-0 bending mode) p r o v i d e  s u p p o r t  f o r  a  c o n n e c t i o l ~  

between I S  and CS g r a i n s .  

The s h a p e  and p o s i t i o n  of t h e  9.7 micron a b s o r p t i o n  f e a t u r e  can a l s o  

vary  from I S  c loud  t o  I S  c loud.  Ai tken  e t  a l .  (1981) have made h i g h  s p a t i a l  

r e s o l u t i o n  o b s e r v a t i o n s  o f  t h e  O r i o n  s o u r c e s ,  B N ,  I R c 2 ,  a n d  I R c 4 ,  w h i c h  

s u g g e s t  t h a t  t h e  d i f f e r e n c e s  between t h e s e  s o u r c e s  a r e  most lnlcely due t o  

r a d i a t i v e  t r a n s f e r  e f f e c t s ,  r a t h e r  t h a n  composi t ion.  

b e  C-Rich S t a r s  - The IR s p e c t r a  a r e  g e n e r a l l y  f a i r l y  smooth ( F o r r e s t  

e t  a l . ,  1975) ,  and a r e  b e l i e v e d  t o  a r i s e  from the rmal  r a d i a t i o n  by amorphous 

ca rbon  g r a i n s .  A f e a t u r e  a t  11 microns i s  commonly a s c r i b e d  t o  SiC. 

The most impor tan t  I S  d u s t  s p e c t r a l  f e a t u r e ,  a lmos t  a lways  a s s o c i a t e d  

w i t h  carbon ( i n  t h e  form of g r a p h i t e ) ,  i s  t h e  bump i n  t h e  s e l e c t i v e  e x t i n c t i o n  

a t  21758. Th i s  bump h a s  not  been d e t e c t e d  i n  t h e  CSEs of evolved 6 - r i ch  

s t a r s ,  which produce a  l a r g e  p a r t  of t h e  I S  d u s t ,  because  t h e  s t a r s  a r e  not  

s u f f i c i e n t l y  b r i g h t  i n  t h e  UV. The f e a t u r e  h a s  been s e e n  i n  NGC 7027, bu t  it 

i s  u n c e r t a i n  whether  i t  i s  CS o r  IS.  R  Corona B o r e a l i s  does  show an e x t i n c -  

t i o n  peak n e a r  2400-26008 (Hecht e t  a l . ,  1984) ,  which is  b e l i e v e d  t o  i n d i c a t e  

amorphous o r  g l a s s y  carbon.  Wu e t  a l .  (1978) observed a  2200.4 hump i n  a  6- 

r i c h  n o v a ,  Nova C y g n i  1 9 7 8 ,  b u t  a  q u a n t i t a t i v e  m e a s u r e m e n t  i s  d i f f i c u l t  

because  of t h e  v a r y i n g  continuum. The 21756 bump h a s  a l s o  been d e t e c t e d  i n  

some A , B  (Herbig  Ae,Be and p e c u l i a r  s h e l l )  s t a r s  ( S i t k o  e t  a l , ,  19811, some 



w h a t  weakened and  s h i f t e d  i n  w a v e l e n g t h  - p r e s u m a b l y  d u e  t o  t h e  s p e c i a l  

p h y s i c a l  environments of t h e s e  s t a r s .  

R u s s e l l  e t  a l .  (1978) have d e t e c t e d  s t r o n g  emiss ion  a t  6.2 and 7.7 

microns i n  t lD 44179, t h e  c e n t r a l  s t a r  of t h e  Red Rectangle .  Th i s  o b j e c t  a l s o  

h a s  e m i s s i o n  f e a t u r e s  a t  3.3 a n d  11 .3  m i c r o n s ,  a s  w e l l  a s  a n  u n u s u a l  U V  

spectrum ( S i t k o  e t  a l . ,  1981). The I R  emiss ion  f e a t u r e s  a r e  a l s o  observed i n  -- 
WGC 7 0 2 7  and o t h e r  s o u r c e s  w h e r e  UV r a d i a t i o n  i s  p r e s e n t .  They a r e  now 

b e l i e v e d  t o  a r i s e  from PAHS, a s  d i s c u s s e d  i n  J u r a ' s  review. Although t h e  

e v o l u t i o n a r y  s t a t e  and p h y s i c a l  p r o p e r t i e s  of HD 44179 a r e  q u i t e  obscure ,  t h e  

o b s e r v a t i o n s  do s u g g e s t  a  p a r t i c u l a r l y  i n t e r e s t i n g  connec t ion  between IS  and 

C S  d u s t ,  It would c l e a r l y  be of g r e a t  i n t e r e s t  t o  d e t e c t  PAHS i n  CS environ-  

ments where d u s t  i s  forming. 

5 ,  I s o t o p i c  S i g n a t u r e s  o f  IS  Dust - One p o t e n t i a l  way t o  connect  CS 

g r a i n s  and /or  l a r g e  molecu les  and i n t e r s t e l l a r  m a t e r i a l  i s  t o  measure i s o t o p e  

r a t i o s  i n  t h e  I R  bands. For  example, t h e  3.4 micron a b s o r p t i o n  band, s e e n  

toward t h e  g a l a c t i c  c e n t e r ,  has  s t r u c t u r e  a p p r o p r i a t e  f o r  a l i p h a t i c  hydrocar-  

bons. It may be hoped t h a t  a s  s igna l - to -no i se  and s e n s i t i v i t y  improve t h e  13c 

c o u n t e r p a r t  w i l l  be measured. Carbon s t a r s  seem t o  have a c h a r a c t e r i s t i c  

r a t i o  of '*c t o  13c of about  35. I t  would a l s o  be of i n t e r e s t  t o  s e a r c h  f o r  

t h e  d e u t e r a t e d  C-H s t r e t c h  which shou ld  be o b s e r v a b l e  a t  about  4.76 microns. 

6 .  - Magel lan ic  Clouds and Nearby G a l a x i e s  - S t u d i e s  of d u s t  i n  nearby 

gal .axies  a r e  impor tan t  i n  unders tand ing  t h e  d u s t  i n  t h e  Milky Way. F u r t h e r  

p r o g r e s s  should be p o s s i b l e  w i t h  Space Telescope.  It i s  i n t e r e s t i n g  t o  n o t e  

that t h e  heiivy e lements  i n  t h e  Mage l len ic  c louds  a r e  s i g n i f i c a n t l y  reduced 

r e l a t i v e  t o  t h e  Milky Way, and t h a t  t h e  C / O  r a t i o  i s  l a r g e r  (Dufour e t  a l . ,  

1982) .  J u r a  (1985) h a s  sugges ted  an  e x p l a n a t i o n  of t h i s  s i t u a t i o n  i n  terms of 

i d e a s  about  mass l o s s  from red g i a n t s  and s t e l l a r  e v o l u t i o n .  Tf t h e  f i n a l  

s t a g e s  of mass l o s s  from evolved s t a r s  a r e  d r i v e n  by r a d i a t i o n  p r e s s u r e  on 

g r a i n s ,  t h e n  t h e  Mage l len ic  Cloud s t a r s  have l o s t  r e l a t i v e l y  l e s s  mass i n  t h e  

p a s t  the reby  producing a  l a r g e r  number of supernovae - which cou ld  e x p l a i n  t h e  

l a r g e r  O / C  r a t i o ,  The o b s e r v a t i o n  of s o  many C s t a r s  i n  t h e  c l o u d s  would t h e n  

s u g g e s t  t h a t  t h i s  s i t u a t i o n  i s  now be ing  a l t e r e d  by t h e  i n j e c t i o n  of C-rich 



m a t e r i a l ,  and t h a t  t h e  t r e n d  of chemical  e v o l u t i o n  of t h e  c louds  i s  toward t h e  

chemical  composi t ion of t h e  Milky Way. Although t h i s  s c e n a r i o  i s  s p e c u l a t i v e ,  

i t  does  i l l u s t r a t e  how t h e  s t u d y  of abundances and d u s t  i n  nearby g a l a x i e s  i s  

r e l e v a n t  t o  our  u n d e r s t a n d i n g  of g a l a c t i c  chemical  e v o l u t i o n .  

7. The L i f e  Cycle  of Dust Gra ins  - The p r e l i m i n a r y  t l ~ e o r e t i c a l  r e s u l t  

of  Seab and c o l l a b o r a t o r s  ( t h i s  volume) t h a t  most I S  g r a i n s  w i l l  be d e s t r o y e d  

i n  about  100 m i l l i o n  y e a r s  was one of t h e  most i n t e r e s t i n g  r e s u l t s  d i s c u s s e d  

a t  t h e  workshop .  S e a b  e t  a l .  a t t e m p t  t o  f o l l o w  g r a i n s  i n  t h e i r  p a s s a g e  

th rough  t h e  d i f f e r e n t  phases  of t h e  ISM, t r e a t i n g  v a r i o u s  growth and d e s t r u c -  

t i o n  p rocesses .  The e f f e c t s  of f a s t  ( > I 0 0  - km/s) shocks  a r e  found t o  be most 

i m p o r t a n t ;  such  shocks  a r e  b e l i e v e d  c a p a b l e  of complete ly  e v a p o r a t i n g  g r a i n s .  

The complete model i n v o l v e s  many complex p h y s i c a l  p r o c e s s e s  some of which a r e  

n o t  complete ly  unders tood .  Seab ' s  r e s u l t  r e q u i r e s  a  d u s t  r ep len i shment  t ime 

between lo8 and 10' y e a r s ,  i .e. g r a i n s  must be formed i n  t h e  ISW - and i t  i s  

q u i t e  u n c l e a r  how t h i s  can be accomplished,  The s i t u a t i o n  could  be saved by 

m o d i f i c a t i o n s  i n  t h e  t h e o r y ,  e.g. some f r a c t i o n  of t h e  a v a i l a b l e  supernova 

energy  may be l o s t  i n t o  t h e  h a l o  of t h e  Milky Way, o r  g r a i n s  may be s h a t t e r e d  

by f a s t  shocks  r a t h e r  t h a n  vapor ized.  I n  any c a s e ,  t h e  p r o c e s s e s  which d e t e r -  

mine t h e  l i f e  c y c l e  of d u s t  g r a i n s  need t o  be b e t t e r  unders tood  b e f o r e  t h i s  

impor tan t  q u e s t i o n  can be reso lved .  

8 ,  P h y s i c a l  and Chemical Data - The d i s c u s s i o n  of g r a i n  p r o p e r t i e s ,  

p a r t i c u l a r l y  s p e c t r a l  f e a t u r e s  ( e x e m p l i f i e d  by t h e  r e c e n t l y  recognized  impor- 

t a n c e  of p o l y c y c l i c  a r o m a t i c  hydrocarbons)  h i g h l i g h t s  t h e  importance of b a s i c  
6 

p h y s i c a l  and chemical  in fo rmat ion .  F u r t h e r  p r o g r e s s  i n  unders tand ing  t h e  

n a t u r e  of CS and I S  d u s t  and t h e i r  gaseous  environments r e q u i r e s  a d d i t i o n a l  

s p e c t r o s c o p i c  d a t a  on a  wide v a r i e t y  of condensed m a t e r i a l s  and on t h e  r a d i a -  

t i v e  p r o p e r t i e s  of i n d i v i d u a l  molecules  i n  many wavelength bandis. Th i s  i s  a 

common s i t u a t i o n  f o r  r e s e a r c h  on t h e  i n t e r s t e l l a r  medium, and t h e  normal a c t i -  

v i t y  of p h y s i c i s t s  and chemis t s  never  seems t o  s a t i s f y  t h e  demands of a s t r o -  

phys ics .  Th i s  working group would l i k e  t o  encourage NASA s u p p o r t  f o r  some of 

t h e  most b a s i c  r e s e a r c h  i n  t h i s  a r e a  t o  pe rmi t  i n c r e a s e d  r e a l i z a t i o n  of t h e  

p o t e n t i a l  of space  based r e s e a r c h .  S c i e n t i s t s  i n t e r e s t e d  i n  CS/IS/IP d u s t  



c o u l d  a l s o  make a n  i m p o r t a n t  c o n t r i b u t i o n  by e n c o u r a g i n g  t h e i r  home i n s t i t u -  

t i o n  t o  pronlote b a s i c  r e s e a r c h  i n  r e l a t e d  a r e a s  o f  p h y s i c s  and c h e m i s t r y .  
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