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A B S T R A C T . P r e l i m i n a r y r e s u l t s f r o m a s y s t e m a t i c s e a r c h f o r n e a r b y 
s u b s t e l l a r o b j e c t s i n the I R A S da ta b a s e s has r e v e a l e d o n l y a s i n g l e 
c a n d i d a t e among t h e 12 μπι s o u r c e s i n t h e r e g i o n o f t h e p o l a r c a p s . 
T h i s o b j e c t a p p e a r s t o be a d i s t a n t c a r b o n s t a r . A l l 5700 s o u r c e s , were 
p o s i t i o n a l l y a s s o c i a t e d w i t h s t a r s o r g a l a x i e s . 

INTRODUCTION 

S t u d i e s o f l o w m a s s s t a r s i n t h e s o l a r n e i g h b o r h o o d s h o w t h a t t h e i r 
s p a c e d e n s i t y d e c r e a s e s w i t h mass be low about 0.2 Μ Θ . E x t r a p o l a t i o n o f 
t h i s t r e n d t o m a s s e s b e l o w t h e end o f t h e h y d r o g e n b u r n i n g m a i n 
s e q u e n c e ( 0 . 0 8 M Q ) f a i l s t o p r e d i c t e n o u g h u n o b s e r v e d o b j e c t s t o 
a c c o u n t f o r t h e l o c a l m a s s d e f i c i t d i s c u s s e d by B a h c a l l ( 1 9 8 5 , 
r e f e r e n c e t h e s e p r o c e e d i n g s f o r the most c u r r e n t d i s c u s s i o n ) . I t i s 
q u i t e p o s s i b l e , h o w e v e r , t h a t s u b s t e l l a r o b j e c t s ( S S 0 ) , s u c h a s t h e 
n e w l y d i s c o v e r e d c o m p a n i o n t o VB 8 ( M c C a r t h y e t a l , 1 9 8 5 ) , e x i s t i n 
v e r y l a r g e numbers as i n d i v i d u a l s y s t e m s w i t h m a s s e s i n the range 0 .05 
to 0 . 0 0 1 M @ ; f u r t h e r m o r e , t h e s e o b j e c t s c o u l d r a d i a t e enough power at 
i n f r a r e d w a v e l e n g t h s to be d e t e c t e d ( S t e v e n s o n 1 9 7 8 ) . I n t h i s r e p o r t 
p r e l i m i n a r y r e s u l t s a re g i v e n on a p r o j e c t t o use the d a t a b a s e s f rom 
the I R A S s k y s u r v e y i n a s y s t e m a t i c s e a r c h f o r the c l o s e s t members o f 
t h i s as y e t u n d i s c o v e r e d c l a s s o f u b i q u i t o u s brown d w a r f s . 

THE I R A S DATA B A S E S 

I n 1 9 8 3 t h e I n f r a r e d A s t r o n o m y S a t e l 1 i t e ( I R A S ) p e r f o r m e d t h e f i r s t 
deep s u r v e y o f t he s k y i n t he i n f r a r e d and p roduced a raw da ta base o f 
more t h a n 30 g i g a b y t e s . The I R A S c a t a l o g c o n t a i n s n e a r l y 2 5 0 , 0 0 0 p o i n t 
s o u r c e s d e t e c t e d at 1 2 , 2 5 , 60 and 100 jjm and was r e l e a s e d i n November 
1 9 8 4 ( B e i c h m a n e t a l . ) . New s o f t w a r e i s u n d e r d e v e l o p m e n t a t J e t 
P r o p u l s i o n L a b o r a t o r y w h i c h w i l l be u s e d t o c o - a d d t h e r e d u n d a n t 
s u r v e y s c a n s t o p r o d u c e a new d a t a b a s e w i t h s o u r c e s 2 t o 3 t i m e s 
f a i n t e r . Bo th o f t h e s e l a r g e s c a l e da ta p r o d u c t s a re d e r i v e d f rom the 
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" a l l s k y s u r v e y " w h i c h a t t a i n e d s k y c o v e r a g e o f 96 p e r c e n t , b u t , 
b e c a u s e o f s o u r c e c o n f u s i o n , i t i s u n l i k e l y t h a t t he c o - a d d i t i o n w i l l 
be e x t e n d e d t o g a l a c t i c l a t i t u d e s b e l o w 30 d e g r e e s . A v e r y much 
s m a l 1 e r d a t a b a s e i s u n d e r c o n s t r u c t i on wh i ch wi 1 1 c o n t a i η s o u r c e s 
abou t 5 t i m e s f a i n t e r t han t h o s e i n t he p o i n t s o u r c e c a t a l o g and w i l l 
c o v e r o n l y a few p e r c e n t o f t h e s k y . T h i s " s e r e n d i p i t y s u r v e y " 
u t i l i z e s the I R A S p o i n t e d o b s e r v a t i o n s o f s p e c i f i c f i e l d s and s h o u l d 
be r e l e a s e d by m i d 1 9 8 6 . * T a b l e 1 s u m m a r i z e s t h e p a r a m e t e r s o f t h e 
t h r e e d a t a b a s e s a s t h e y p e r t a i n t o t h e s e a r c h f o r s u b s t e l l a r 
o b j e c t s . 

When combined w i t h T a b l e I , T a b l e I I shows t he a p p l i c a b i l i t y o f 
t he I R A S da ta p r o d u c t s t o a s y s t e m a t i c s e a r c h f o r s u b s t e l l a r o b j e c t s . 
T a b l e I I g i v e s m a g n i t u d e s a t k e y w a v e l e n g t h s b a s e d on b l a c k b o d y 
p r e d i c t i o n s f o r o b j e c t s o f t h e e x p e c t e d d i a m e t e r a t a d i s t a n c e o f 1 
p c The V a n d R m a g n i t u d e s i n c l u d e a p o s s i b l e 3 m a g n i t u d e d e f i c i t 
b e l o w the b l a c k b o d y v a l u e s based on o b s e r v a t i o n s o f t he l o w e s t mass M 
d w a r f s ( P r o b s t 1 9 8 3 ) . F o r o b j e c t s i n t h e t e m p e r a t u r e r a n g e o f 
i n t e r e s t t h e 12 μπι I R A S b a n d i s t h e m o s t s e n s i t i v e . The r e a s o n t h a t 
the h i g h e r g a l a c t i c l a t i t u d e s a re much p r e f e r r e d o v e r l o w e r l a t i t u d e s 
i s two f o l d , f i r s t , t h e number o f s o u r c e s t h a t m u s t be p r o c e s s e d i s 
much s m a l 1 e r a n d , h e n c e , more t r a c t a b l e and , s e c o n d , t h e number o f 
s o u r c e s w i t h c i r c u m s t e l 1 a r d u s t s h e l l s w h i c h mimic t he t e m p e r a t u r e s o f 
i n t e r e s t i s f o u n d t o be v e r y much l o w e r a s t h e g a l a c t i c l a t i t u d e 
i n c r e a s e s . 

I n o r d e r t o e s t i m a t e t h e number o f S S O t h a t m i g h t be w i t h i n t h e 
r o u g h l y two c u b i c p a r s e c vo l ume s u r v e y e d by I R A S , t he vo l ume d e n s i t y 
o f u n o b s e r v e d m a t e r i a l f rom B a h c a l l ' s a n a l y s i s can be combined w i t h 
t he ad hoc a s s u m p t i o n o f a f l a t mass s p e c t r u m . Then t he t o t a l mass o f 
0 . 2 M Q ( n i g h t be c o n t a i n e d i n a p p r o x i m a t e l y 5 o b j e c t s w i t h m a s s e s i n 
t h e r a n g e 0 . 0 1 0 t o 0 . 0 5 0 M 0 a n d t e m p e r a t u r e s i n t h e r a n g e 5 0 0 t o 1 5 0 0 
K. T h i s i s an o p t i m i s t i c v i e w i n t he s e n s e t h a t the p o p u l a t i o n must be 
q u i t e y o u n g . I f , i n s t e a d , a v a s t p o p u l a t i o n o f S S 0 formed v e r y e a r l y 
i n the l i f e o f t he g a l a x y , then t h e i r t e m p e r a t u r e s t oday w o u l d be t o o 
c o l d f o r I R A S t o d e t e c t . F o r t h i s r e a s o n T a b l e I i n c l u d e s e s t i m a t e s o f 
t h e p e r f o r m a n c e o f two p o s s i b l e s e a r c h e s i n t h e I R t o much d e e p e r 
l i m i t s . 

THE SEARCH METHOD 

S i n c e t he 12 μπι band o f I R A S i s the most s e n s i t i v e f o r o b j e c t s warmer 
t han 200 K, and s i n c e e v e n t he c l o s e s t S S 0 i s u n l i k e l y t o be d e t e c t e d 
at bo th 12 and 25 μπι, i t i s n e c e s s a r y t o reduce the number o f p o s s i b l e 
c a n d i d a t e s by a l a r g e f a c t o r p r i o r t o d e t a i l e d s t u d i e s f r o m t h e 
g r o u n d . F o r t u n a t e l y , i t has p r o v e d p o s s i b l e t o p o s i t i o n a l l y a s s o c i a t e 
m o s t 12 μπι p o i n t s o u r c e s d e t e c t e d by I R A S w i t h o p t i c a l l y b r i g h t 
s o u r c e s , p r e d o m i n a n t l y s t a r s . The p r o c e d u r e used was as f o l l o w s : (1) 
t h e m a c h i n e r e a d a b l e c a t a l o g s o f s t a r s we re m a t c h e d w i t h t h e I R A S 
s o u r c e s o f i n t e r e s t ( 2 ) o v e r l a y s w e r e made f o r t h e n o r t h e r n a n d 
s o u t h e r n p h o t o g r a p h i c s u r v e y s f o r the r e m a i n i n g s o u r c e s t o c a r r y ou t 
a s s o c i a t i o n s on an i n d i v i d u a l b a s i s . 
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U s a b l e S k y 
C o v e r a g e 
( S q . deg . ) 

No. o f L i m i t i n g 
P t . S o u r c e s M a g n i t u d e 

I R A S 12 μπι 

P t . S r c . 
C a t a l o g >2 Ε 4 > 2 Ε 4 4 .5 

Coadded 
S u r v e y 2 Ε 4 > 4 Ε 4 5.5 

S e r e n d i p i t y 
S u r v e y 500 1500 6 .3 

FUTURE 

2.2 urn >2 Ε 4 > 1 Ε 6 13 to 15 

S I R T F 12 μπι 2 Ε 4 2 Ε 6 9 t o 10 

TABLE I I . Brown Dwarf M a g n i t u d e s 
D i s t a n c e = 1 pc 

v s Temp, and W a v e l e n g t h 

Τ ( Κ ) W a v e l e n g t h (μπι) 
0.5 0 .85 2 . 2 12 

200 38 11 

300 26 9 

500 37 17 7 

800 38 24 1 1 . 5 6 

1000 30 19 9 . 5 5 . 5 

1500 2 0 - 2 3 1 3 - 1 5 7 5 

2000 1 5 - 1 8 1 0 - 1 3 6 4 . 5 

2500 1 2 - 1 4 8 - 9 . 5 5 4 

TABLE I . P r o p e r t i e s o f I n f r a r e d Sky S u r v e y s at 12 and 2 · 2 μπι 
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The r e l i a b i l i t y o f t h i s method rema ins to be d e m o n s t r a t e d t h r o u g h 
f u r t h e r t e s t s . H o w e v e r , i t i s a l r e a d y c l e a r t h a t t h e number o f 
c a n d i d a t e s i s s m a l 1 e n o u g h t o p e r m i t i n d i v i d u a l f o l 1 ow up f r o m t h e 
g r o u n d . Of more c o n c e r n i s the p o s s i b i l i t y t h a t a m i s s i d e n t i f i c a t i o n 
w i t h a r a n d o m l y p l a c e d s t a r i n t he f i e l d w i l l d i s g u i s e t he d e t e c t i o n 
o f a much c o o l e r o b j e c t . F o r t h e s e r e a s o n s the r e s u l t s r e p o r t e d here 
must be u s e d as p r e l i m i n a r y . 

O n c e a c a n d i d a t e h a s b e e n i d e n t i f i e d b y i t s o p t i c a l / I R 
p r o p e r t i e s , i t m u s t be o b s e r v e d f r o m t h e g r o u n d t o o b t a i n a c c u r a t e 
p o s i t i o n s f o r p r o p e r mo t i on and p a r a l l a x d e t e r m i n a t i o n s . Pho tomet ry i n 
the near IR and s p e c t r o s c o p y at a p p r o p r i a t e w a v e l e n g t h s may a l s o s e r v e 
to c l a s s i f y the s o u r c e . C l e a r l y , a l l o b j e c t s found by t h i s s e a r c h a re 
p o t e n t i a l l y i n t e r e s t i n g and s h o u l d be f o l l o w e d up. 

P R E L I M I N A R Y RESULTS 

Under t he d i r e c t i o n o f T. C h e s t e r at t he I R A S P r o c e s s i n g and A n a l y s i s 
C e n t e r ( I P A C ) , the 12 pm p o i n t s o u r c e s i n t he p o l a r c a p s ( d e f i n e d here 
a s | b | > 50 d e g . ) w e r e s e a r c h e d f o r s u b s t e l l a r c a n d i d a t e s . The 
r e s u l t s a r e s u m m a r i z e d i n T a b l e I I I . I t i s i m p o r t a n t t o n o t e t h a t 
w i t h s p e c i a l s t u d y o f a few i n d i v i d u a l s o u r c e s i t was p o s s i b l e t o 
p o s i t i o n a l l y a s s o c i a t e a l l 5 7 7 6 12 jjm s o u r c e s w i t h t h e i r o p t i c a l 
c o u n t e r p a r t s . O n l y one s o u r c e emerged as a c l e a r s u b s t e l l a r c a n d i d a t e 
a n d was o b s e r v e d f r o m t h e g r o u n d t o d e t e r m i n e i t s s p e c t r a l e n e r g y 
d i s t r i b u t i o n , i t s p r o p e r mo t ion and i t s s p e c t r a l c h a r a c t e r i s t i c s . The 
most l i k e l y i n t e r p r e t a t i o n o f t h i s s i n g u l a r o b j e c t i s t h a t , d e s p i t e 
i t s u n u s u a l t e m p e r a t u r e o f 1300 Κ and i t s v e r y h i g h g a l a c t i c l a t i t u d e , 
86 d e g . , i t i s p r o b a b l y a Carbon S t a r . 

CONCLUSIONS 

P r e l i m i n a r y r e s u l t s f r o m a n a l y s i s o f t h e s o u r c e s i n t h e p o l a r c a p s 
i n d i c a t e t h a t s u b s t e l l a r o b j e c t s a r e n o t e a s i l y f o u n d i n t h e I R A S 

TABLE I I I . I R A S 12 M i c r o n P o i n t S o u r c e s | b | > 5 0 ° 

T o t a l S a m p l e 5776 

Unmatched 444 

T c < 2500 Κ 

2000 > T c > 1000 

63 

1 

S u b - S t e l 1 a r 0 
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p o i n t s o u r c e c a t a l o g . H o w e v e r , i t h a s a l s o been s h o w n t h a t a v i a b l e 
method e x i s t s f o r e x t e n d i n g t he s e a r c h t o a t l e a s t a n o t h e r q u a r t e r o f 
the s k y u s i n g t he p u b l i s h e d da ta b a s e . Two new da ta b a s e s w i l l become 
a v a i l a b l e f o r deeper s e a r c h e s and i t seems c l e a r t h a t by e x h a u s t i v e 
o p t i c a l i d e n t i f i c a t i o n o f t he i n f r a r e d s o u r c e s a number o f i n t e r e s t i n g 
o b j e c t s w i l l be f o u n d and e v e n i f no " u b i q u i t o u s b r o w n d w a r f s " a r e 
f o u n d , u s e f u l l i m i t s on t h e i r numbers w i l l be d e t e r m i n e d . 
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DISCUSSION 

PACZYNSKI: A comment on brown dwarfs: AA Doradus is an eclipsing 
binary system whose dark companion has a mass of only 0.04 MQ 
(Kudritzki et al. 1982, Astron. Astrophys., 106, 254; Paczynski 1980, 
Acta Astron., 3Ό, 113). This is a spectroscopic binary; the dark 
companion is responsible for eclipses and the hemisphere heated by the 
companion is eclipsed. So the mass is very well established. 

I also have a question to do with your last statement that there 
are so many bright infrared galaxies, which may be more numerous than 
quasars. Is it clear from the IRAS data that what is seen in the 
infrared is not nuclear activity? That it must be a starburst 
phenomenon? 

LOW: I believe it to be a starburst phenomenon in an extreme limit in 
which so much gas has fallen into the nucleus that other processes, such 
as the Seyfert or quasar phenomenon, must be very closely related. 
Notice that the volume within ~ 100 Mpc of us contains several galaxies 
emitting > 1 0 1 2 LQ , but, as far as I know, not a single quasar. 

J. BAHCALL: Isn't the IRAS spatial resolution inadequate to resolve the 
region from which the bright infrared emission comes? You don't know 
whether it comes from the nucleus or is distributed in the disk. 

LOW: In the case of Arp 220, the 25 μ emission region is extremely 
compact. Data on that were presented at the Noordwijk symposium. It is 
also known that the emission from Mk 231 is extremely concentrated to 
the nucleus. So what I'm saying is that a large part of the mass 
reservoir, which is somehow preferentially present in the nucleus, gets 
converted extremely rapidly into stars to give the high luminosity that 
we see. 

LYNDEN-BELL: Do you know that it comes from stars rather than something 
else? 

LOW: I don't know that it comes from stars. But let me call to your 
attention something that I consider to be a very good test of this. 
That is the relationship between the total infrared brightness and the 
radio continuum emission. This relationship has been around for fifteen 
or twenty years, but the IRAS data have allowed it to be refined. We 
have found that the relationship is very tight all the way up to very 
luminous objects like Arp 220 or Mk 231 for a very large fraction of the 
total sample. If this is a true indicator of the conversion of mass 
into very luminous stars that produce supernovae, then I think that it 
is an indication that star formation is still at work. 

OSTRIKER: A comment and a question on whether the emission is extended 
or nuclear. At least some subset of the infrared-bright galaxies must 
overlap with the galaxies observed by Condon, because he picked out a 
group of continuum-bright spiral galaxies, which I believe have shown 
up as IRAS sources. These galaxies were also studied spectroscopically 
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and show emission extending over a good fraction of their disks. So it 
is known that at least that subsample has starburst activity going on 
over much of the disk. My question is: Have you cross-correlated your 
infrared-bright galaxies with the EINSTEIN results to see if there is 
any correlation with x-ray brightness? 

LOW: I certainly have not, and I don't recall anything recent on that 
subject. I don't think that there is much of a correlation. Certainly 
we know for NGC 1068 that 95% of the infrared output comes not from the 
nucleus but from a very small, centrally condensed region of radius ~ 
500 - 1000 pc. NGC 1068 is by far the closest and most easily studied 
infrared-bright galaxy, with an infrared luminosity about half that of 
the most luminous galaxies observed. 

SOLOMON: Most of the very luminous infrared galaxies (LXR > 3 x 1 ο 1 1 L Q ) 
have strong CO emission, indicating an origin for the infrared 
luminosity in active star formation within molecular clouds and not in 
very small sources in the galactic nucleus. However, these starburst 
regions may be concentrated in the inner galactic disk or even in the 
inner 1 or 2 kpc of the galaxies. 

LOW: Yes. Mk 231 is an exception. It is also right at the top of the 
luminosity range and may be part quasar and part starburst galaxy. 
That might tell us something. The weight of evidence now is that the 
starburst phenomenon, if that's the term you like to use, takes place 
up to this > 1 0 1 2 L© range. One of the interesting things the IRAS 
data tell us is that we can't stop there, we've got to study objects 
which put out hardly any optical photons at all. At Noordwijk, Mike 
Rowan-Robinson seemed to be convinced that he could build a model in 
which the luminosity from these systems is adequate to explain the 100 μ 
background of a few MJy steradian-1· This could be a very important 
subject in the future. At the moment it is still premature to attach 
high significance to the 100 μ background measurement. 

FABIAN: If Ω in baryons is several tenths and if this is uniformly 
distributed and makes the x-ray background, then the hot gas Compton 
scatters the microwave background, and we predict about 2 MJy 
steradian""1 at 100 μ. So you could rule out the x-ray background if you 
could explain the 100 μ background some other way. 

BURSTEIN: Marcia Rieke and I have analyzed the IRAS fluxes for 2000 UGC 
Sc galaxies with diameters < 315. To make a long story short, we find 
that the detection of an Sc galaxy is a function of the inclination of 
the galaxy to the line of sight, as well as of wavelength. A chain of 
argument leads to the conclusion that most of the 60 μ and 100 μ flux 
from Se's comes from near their nuclei, and is extincted by the dust in 
the disk when the galaxy is edge-on. 

LOW: Yes, I think that is consistent with what we know from resolving 
individual galaxies of various luminosities. But I really can't 
overemphasize the fact that for our Galaxy we need to have a better 
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handle on the outer parts in the infrared. Just because the nucleus 
contains so much luminosity doesn!t mean we can neglect the infrared 
emission from processes going on in the outer parts that are so 
important for the rotation curves. For the most part IRAS is capable of 
telling us the answer. In some cases, we just have to open the 
catalogue. 

DRESSLER: Did I understand you to argue that the idea that the blue 
luminosity is extinguished in infrared galaxies, resulting in a high 
ratio of infrared to blue luminosity, is ruled out by a correlation of 
this ratio with luminosity? 

LOW: To my knowledge no-one has excluded the possibility of very dark, 
cold galaxies, i.e., objects which emit primarily in the infrared and 
have modest luminosities. These are hard to find. What leaps out at us 
are these extreme cases, the very high-luminosity objects. There will 
probably be a believable relationship between L J R / L B and L^ o t coming out 
of the data shortly. But this doesn't mean that there might not be 
large numbers of galaxies with low optical and infrared luminosities. 

DRESSLER: This sounds like a classic Malmquist bias - those objects 
which are very luminous in the infrared are very distant. 

LOW: I agree. 

DRESSLER: May I point out something else? I was intrigued by your 
comment that most of the subluminous stars seem to be very young. I 
want to mention a paper by Poveda which suggests the possibility that 
these stars don't achieve fusion, and are all young and cooling down. I 
haven't heard that mentioned very much, but it's a way to have the mass 
function continue to climb below 0.2 MQ even if the luminosity function 
turns over. 

LOW: It's ideas like that which keep us sifting through the data. 

https://doi.org/10.1017/S0074180900150661 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900150661

