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Abstract 

N e w  o b s e r v a t i o n s  of Or ion  Molecular  Cloud-2 have been made from 1-100um u s i n g  

t h e  NASA I n f r a r e d  Telescope  F a c i l i t y  and the  Kuiper  Ai rborne  Observa tory .  An 

e x t e n s i v e  program of p o l a r i m e t r y ,  photometry and spec t ropho tomet ry  has shown 

tha t  t h e  ex tended  emiss ion  r e g i o n s  a s s o c i a t e d  wi th  two of t h e  p r e v i o u s l y  known 

n e a r  i n f r a r e d  s o u r c e s ,  IRS1 and IRS4, are i n f r a r e d  r e f l e c t i o n  n e b u l a e ,  and 

t ha t  t he  compact s o u r c e s  IRSl and IRS4 are the  main l u m i n o s i t y  s o u r c e s  i n  the 

c loud .  The c o n s t r a i n t s  from t h e  f a r  i n f r a r e d  o b s e r v a t i o n s  and a n  a n a l y s i s  of 

t h e  scattered l i g h t  from t h e  IRSi nebu la  show tha t  OMC-2 / IRS1  c a n  be  

characterized by LS500L, and T-1000K. 

g r a i n s  i n  t h e  IRSl n e b u l a  is greater t h a n  0.08. 

The nea r  infrared (1-5)pm a l b e d o  of t h e  



1 . INTRODUCTION 

I n f r a r e d  polarimetry can be a n  e f f e c t i v e  t o o l  i n  an  i n v e s t i g a t i o n  of 

d u s t  embedded p r e s t e l l a r  o b j e c t s  and t he i r  su r round ing  medium. P o l a r i m e t r y  

has shown i n  many i n s t a n c e s  t h a t  the ex tended  n e a r  i n f r a r e d  emis s ion  i n  

r e g i o n s  of s ta r  fo rma t ion  is scattered l i g h t ,  s i n c e  it shows h i g h  p o l a r i z a t i o n  

t h a t  can  be  produced o n l y  by s c a t t e r i n g  ( Tokunaga e t  a1,1981;  Werner, 

D i n e r s t e i n ,  and Capps,  1983;  Joyce and Simon,1986).  I n  r e g i o n s  t h a t  are 

p o l a r i z e d  by s c a t t e r i n g ,  the  o r i e n t a t i o n s  of t h e  e l e c t r i c  v e c t o r s  clearly 

i d e n t i f y  t h e  l u m i n o s i t y  s o u r c e s .  The s c a t t e r i n g  p r o v i d e s  a second look a t  t h e  

i l l u m i n a t i n g  o b j e c t ,  t h rough  the reflected l igh t ,wh ich  can  be complementary t o  

direct  l i n e  of s i g h t  o b s e r v a t i o n s  o f  t h e  source .  

We have  used i n f r a r e d  po la r ime t ry  t o  probe  t h e  i n f r a r e d  c l u s t e r  i n  

Or ion  Molecular  Cloud-2 (OMC-2). 

and molecular  emis s ion  located about 12' northeast of t h e  Trapezium. C a t l e y  

e t  a1 (1974)  have shown t h a t ,  a t  2.2 pm, OMC-2 c o n t a i n s  f i v e  p o i n t  s o u r c e s  

p l u s  ex tended  emiss ion .  We u s e  t h e i r  nomencla ture  (IRSl,IRS2,etc.) t o  

i d e n t i f y  t h e  p o i n t  s o u r c e s .  The r e d n e s s  o f  these objects , the absence  of 

o p t i c a l  c o u n t e r p a r t s ,  and t h e i r  a s s o c i a t i o n  w i t h  molecular  emis s ion  peaks 

(Batrla e t  a1 ,1983,  Kutner e t  a l ,  1976)  s u g g e s t  t h a t  t h i s  is a r e g i o n  of  

c u r r e n t  s tar fo rma t ion .  Thronson e t  a1 (1978)  have  measured a t o t a l  

l u m i n o s i t y  for OMC-2 i n  t h e  f a r  infrared of 2100 L, i n t o  a 3.5'beam. 

absence  of i o n i z i n g  r a d i a t i o n  and t h e  low l u m i n o s i t y  imply t h a t  i f  stars are 

forming  i n  OMC-2, t h e y  are less massive t h a n  those forming i n  t h e  core of OMC- 

1 .  I n  t h i s  paper  we p r e s e n t  new o b s e r v a t i o n s  of OMC-2 which i n c l u d e  

photometry,  spec t ropho tomet ry  and p o l a r i m e t r y  i n  t h e  l-3Opm r e g i o n  as well as 

50 pm and 100 pm pho tomet r i c  maps.  We have  de termined  t h a t  t h e  ex tended  

emiss ion  i n  t h e  r e g i o n  o f  OMC-2/IRSl is a p a r t i c u l a r l y  good example o f  a n  

OMCL2 is a 2 ' .5  x 3 ' .0 r e g i o n  of i n f r a r e d  

The 
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i n f r a r e d  r e f l e c t i o n  nebula .  We have a l s o  i d e n t i f i e d ,  i n  t h e  n e a r  i n f r a r e d ,  a 

second r e g i o n  of h i g h  p o l a r i z a t i o n  and  a PreViOUSly u n r e s o l v e d  double  s o u r c e  

s t r u c t u r e  i n  OMC2-IRS4. The far i n f r a r e d  measurements have allowed u s  t o  

i d e n t i f y  OMC-Z/IRSl and OMC-2/IRS4 as the Primary l u m i n o s i t y  s o u r c e s  w i t h i n  

t h e  c l u s t e r ,  t o  de te rmine  the i r  l u m i n o s i t i e s ,  and t o  i n f e r  the  d u s t  o p t i c a l  

d e p t h s  and g r a i n  t e m p e r a t u r e s .  The t o t a l  l u m i n o s i t y  i n f e r r e d  from t h e  f a r  

i n f r a r e d  measurements p r o v i d e s  an  impor tan t  a d d i t i o n a l  c o n s t r a i n t  t o  t h e  

i n t e r p r e t a t i o n  oi the  n e a r  i n f r a r e d  data; the n e a r  and far  i n f r a r e d  

o b s e r v a t i o n s  t o g e t h e r  set new c o n s t r a i n t s  on t he  p r o p e r t i e s  of t h e  embedded 

s o u r c e s  i n  t h i s  r e g i o n .  

4 



I1 OBSERVATIONS 

A. NEAR I N F R A R E D  

The 1-30 pm o b s e r v a t i o n s  were made a t  the  N A S A  I n f r a r e d  Telescope  

F a c i l i t y  from 1982 October  t o  1984 December, u s i n g  t h e  f a c i l i t y  i n s t r u m e n t s .  

Broadband photometry ,  one  d imens iona l  s c a n s  and/or  comprehensive mapping were 

done a t  1.25p(AX=0.3), 1.65p(AX=0.35), 2.2p(AX=0.42), 3 . lp(AX=O. l ) ,  

3.8u(AX=0.67), and 4.8p(Ah=0.57), wi th  e i ther  a 6" or 4'l beam, u s i n g  t h e  IRTF 

InSb sys tem.  The chopper  s p a c i n g  was between 35" and 45" no r th - sou th  f o r  the  

IRSl measurements and 60" east-west f o r  t h e  IRS4 r e g i o n .  S p e c t r a  were 

o b t a i n e d  i n  t h e  2.8 SA5 3.7 pm range  w i t h  r e s o l u t i o n  o f  2%. The 8.7p(AX=1.2), 

9.7p(AX=1.2), 10.3p(AX=5.2), 12.5p(AX=1.2), 20p(AX=9),and 30p(AA=8) photometry 

was done w i t h  t he  IRTF Ce:Ga bo lomete r ,u s ing  Q1* and 8" beams. 

s p a c i n g  f o r  t he  9-30pm o b s e r v a t i o n s  was 3W east-west. Absolu te  f l u x e s  were 

de termined  by u s i n g  s t a n d a r d  c a l i b r a t i o n  stars w i t h  c a l i b r a t i o n  u n c e r t a i n t i e s  

o f  510% i n  the  1-5pm r ange  and 525% i n  t h e  9-30pm r a n g e .  

The chopper  

P o l a r i z a t i o n  measurements were made i n  t h e  2.2pm and 3.8pm broad 

band f i l t e r s  u s i n g  a r o t a t i n g  wire  g r i d  a s  descr ibed  i n  Werner e t  a l ,  

(1983) .  

( t y p i c a l l y  52%)  by s u b t r a c t i n g  t h e  n e t , p o l a r i z a t i o n  v a l u e s  measured f o r  

s e v e r a l  i n t r i n s i c a l l y  u n p o l a r i z e d  s t a r s .  Absolu te  p o s i t i o n  a n g l e s  were 

de termined  by r e f e r e n c e  t o  BN f o r  which t h e  p o s i t i o n  a n g l e  is known t o  be 117O 

measured east from n o r t h  (Dyck and Lonsda le ,  1979,  and r e f e r e n c e s  t h e r e i n ) .  

The p o l a r i z a t i o n  r e su l t s  were c o r r e c t e d  f o r  i n s t r u m e n t a l  p o l a r i z a t i o n  

We determined  t h e  p o s i t i o n s  of  IRSl and o f  bo th  components o f  IRS4 

h m s  r e l a t i v e  t o  t h a t  o f  IRS3 which is known t o  be l o c a t e d  a t  ~ ( 1 9 5 0 )  = 5 32 59 . l  

* O s . l ,  6 (1950)  = -5°1211011*1" (Gat ley  e t  a l ,  1 9 7 4 ) . P o s i t i o n s  and o f f s e t s  f o r  

5 



IRS1 and IRS4 r e l a t i v e  t o  IRS3 are g i v e n  i n  Table  1 .  

B. Far I n f r a r e d  

Photometr ic  maps were made w i t h  a 30" FWHM beam a t  50 pm (AA=25pm) 

and 100pm (AX=50pm) i n  February 1984 from the Kuiper Airborne Observa tory  a t  

an  a l t i t u d e  of 12.5km. The U n i v e r s i t y  o f  Texas s i x  channel  photometer 

(Wilking e t  a1,1984) mounted a t  t h e  C a s s e g r a i n  f o c u s  of t h e  KAO 91-cm 

t e l e s c o p e  allowed measurements i n  both  passbands t o  be made a t  each of  three 

p o s i t i o n s  on  the sky s i m u l t a n e o u s l y .  The i n s t r u m e n t a t i o n  is similar t o  t h a t  

described by Harvey (1979) .  The maps were made by o f f s e t t i n g  i n  t h e  KAO f o c a l  

p l a n e  from a guide  s t a r  l o c a t e d  a t  ( ~ ( 1 9 5 0 ) -  5h33m06.4s, 6(7950)  =-5°0811411. 

The p o s i t i o n a l  u n c e r t a i n t i e s  are ~ 5 " .  P o s i t i o n  s t e p s  of 2OII.3 were t a k e n  i n  

t h e  nor th-south  d i r e c t i o n  and  1Og1.2 i n  t h e  east-west d i r e c t i o n  u n t i l  a n  area 

of 2 I . 5  x 3 I . O  was c o v e r e d ; t h e  area mapped is o u t l i n e d  by t h e  dashed l i n e  i n  

Figure 1 .  The chopper  s p a c i n g  was 5 ' i n  az imuth ,  which was close t o  east-west 

for these o b s e r v a t i o n s .  The far  i n f r s r e d  o b s e r v a t i o n s  were calibrated 

r e l a t i v e  t o  S140-IR (Harvey, Wilking,and Joy ,1984) .  The c a l i b r a t i o n  

u n c e r t a i n t y  is -20%. 

6 



I11 RESULTS 

A. FAR INFRARED MAPS 

F i g u r e s  1 and 2 show t h e  f l u x  con tour  maps a t  50 and 100 pm, 

r e s p e c t i v e l y .  The n e a r  i n f r a r e d  source  p o s i t i o n s  f o r  IRS1, IRS2, IRS3,and 

IRS4,which w e  de te rmined  from 2.2pm photometry,  and the  p o s i t i o n  o f  IRS5 

de termined  by C a t l e y  e t  a1 (19741, are i n d i c a t e d  on  these maps. 

shows two peaks ,  one c o i n c i d e n t  w i t h  t h e  p o s i t i o n  o f  IRS4 and a second ,  less 

pronounced peak c o i n c i d e n t  w i t h  t h e  p o s i t i o n  of IRS1, a s  well as a s l i g h t  

amount of emis s ion  ex tended  i n  t h e  d i r e c t i o n  o f  IRS3. The 100 pm map is 

dominated by t h e  peak a t  IRS4 and shows emiss ion  ex tended  toward IRSl which 

does n o t  appear  as a d i s t i n c t  peak .  The s p a t i a l  d i s t r i b u t i o n  and e x t e n t  of 

The 50 pm map 

t h e  ex tended  emiss ion  s e e n  a t  100pm is similar t o  t h a t  s een  a t  2.2pm by C a t l e y  

e t  a1 (19741,as  shown i n  F igu re  2. 

The r e s u l t s  of t h e  i n f r a r e d  photometry and p o l a r i m e t r y  are g iven  i n  

T a b l e  2. The 5Opm f l u x  densit ies i n t o  t h e  30" beam are 530 J y  f o r  IRS4 and 

185  J y  f o r  IRSl. The former  resul t  is c o n s i s t e n t  w i t h  t h e  f l u x  d e n s i t y  o f  

570Jy measured a t  61 pin i n t o  a 18"x28" beam t h a t  i n c l u d e d  IRS4 and IRSl by 

Thronson e t  a1 (1978) .  The f a r  i n f r a r e d  maps show that  t h e  r e g i o n  around IRS3 

does  n o t  emit s t r o n g l y  a t  50 pm so t h a t  t he  Thronson e t  a1 (1978) measurement 

is dominated by f l u x  from IRS4. Color temperatures d e r i v e d  from t h e  50 and 

100 pm d a t a  are between 35 and  50K i n  bo th  the  IRSl and  IRS4 r e g i o n s .  

Assuming t h a t  t h e  e m i s s i v i t y  f a l l s  as A-1 , g r a i n  temperatures f o r  these areas 

are between 30 and 40K. O p t i c a l  dep ths  a t  50 and 100 pm were d e r i v e d  from the 

g r a i n  t empera tu re  and t h e  observed  f l u x  and show t h a t  bo th  t h e  IRSl and IRS4 

r e g i o n s  are o p t i c a l l y  t h i n ,  The peak o p t i c a l  d e p t h  a t  100prn towards  IRSl is 

~ ~ ~ ~ = 0 . 0 2 ,  which i m p l i e s  an average  v a l u e  f o r  t h e  v i s u a l  e x t i n c t i o n  ove r  t h e  
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-30" beam of A,-15,  assuming T ~ ~ / T ~ ~ ~ = ~ ~ O O  (Whitcomb e t  a 1 , 1 9 8  

i n t e r s t e l l a r  e x t i n c t i o n  law based on  the  r e s u l t s  of Savage and 

We measure a t o t a l  f l u x  of 5300JY a t  100pm and 715JY 

B. Near I n f r a r e d  

The photometry and p o l a r i m e t r y  r e s u l t s  are p r e s e n t e d  i n  T a b l e  2. The n e a r  

infrared photometr ic  r e s u l t s  agree w i t h  t h o s e  o f  C a t l e y  e t  a1 (1974) .  New 

o b s e r v a t i o n s  of OMC-2/IRS2 are p r e s e n t e d  i n  T a b l e  2 ,  a l though  they  w i l l  n o t  be  

d i s c u s s e d  i n  t h e  t e x t .  

1 .  IRSl 

We mapped t h e  ex tended  emiss ion  i n  t h e  r e g i o n  between IRSl and IRS3 

a t  2.2 and 3.8pm as shown i n  F i g u r e s  3 and 4 and  also found the  emiss ion  t o  be 

h i g h l y  p o l a r i z e d  at bo th  wavelengths  (up  t o  31% a t  3 .8pm) .  The c o n t o u r s  i n  

Figures  3 and  4 a re  logarithmic t o  emphasize t h e  low s u r f a c e  b r i g h t n e s s  

8 
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) and a n  

Pa th is  (1979).  

a t  50pm f o r  t h e  

2. '5x1. '8  area w i t h i n  the lowest c o n t o u r  on F igu re  2.  T h i s  i m p l i e s  a 40-150um 

l u m i n o s i t y  of 9OOL, for t h i s  a r ea , a s suming  a d i s t a n c e  o f  500 pc. 

exceeds  t h e  near  i n f r a r e d  (1-20pm) l u m i n o s i t y  of -1OOL,. 

c o i n c i d e  w i t h  peaks  i n  both 50pm b r i g h t n e s s  and f a r  i n f r a r e d  color 

t empera tu re .  The re fo re ,  we conclude  t h a t  IRSl and IRS4 a re  t h e  pr imary  

l u m i n o s i t y  s o u r c e s  i n  OMC-2,anc! t h a t  t h e  fa r  i n f r a r e d  r a d i a t i o n  is thermal 

emiss ion  from d u s t  heated by these s o u r c e s .  The i n t e g r a t e d  f l u x  i n t o  a 30'' 

beam a t  t h e  peak p o s i t i o n s  is 130L, for  IRSl and 400L, f o r  IRS4. Thus,  much 

af t h e  luminos i ty  o f  these s o u r c e s  is reradiated by t h e  ex tended  d u s t  c loud .  

Our l u m i n o s i t y  d e t e r m i n a t i o n  a g r e e s  i a t i s f a c t o r i l y  w i t h  t h a t  of Thronson e t  a1 

(19781,who measured 2100L, i n t o  a 3.'5 beam c e n t e r e d  on OMC-2, u s i n g  a -9' 

chopper  throw. 

This  far 

IRSl and  IRS4 



extended  emiss ion  between t h e  i n f r a r e d  peaks.  The l e n g t h  o f  t h e  d a r k  l i n e s  i n  

F i g u r e s  3 and 4 indicates  t h e  pe rcen t  p o l a r i z a t i o n , P ,  while t h e  o r i e n t a t i o n  of 

t h e  dark l i n e s  d i s p l a y s  t h e  p o s i t i o n  a n g l e  of t h e  maximum e l e c t r i c  v e c t o r .  

The h i g h  p o l a r i z a t i o n  v a l u e s  of 659P123 a t  2.2pm and 13S%PS31 a t  3.811111 

s u g g e s t s  t h a t  s c a t t e r i n g  is r e s p o n s i b l e  (Werner, D i n e r s t e i n , a n d  Capps, 

1 9 8 3 ) .  The o r i e n t a t i o n  of t h e  e l e c t r i c  v e c t o r s  i m p l i e s  t h a t  IRS1 is 

i l l u m i n a t i n g  t h e  g r a i n s .  S u r f a c e  b r i g h t n e s s  measurements, shown i n  F igu re  5, 

a l o n g  a NE l i n e  e x t e n d i n g  radial ly  outward from IRSl through the  n e b u l a  show 

t h a t  the  nebu la  is f a i r l y  uni form i n  b r i g h t n e s s  and c o l o r ,  and t h a t  t h e  c o l o r  

is  s i g n i f i c a n t l y  b l u e r  t han  t h a t  of IRS1. A l l  p o i n t s  i n  t h e  n e b u l a  appear 

br ighter  than  IRSl a t  t h e  s h o r t e s t  wavelengths ,  showing t h a t  t h e r e  is 

l o c a l i z e d  e x t i n c t i o n  a l o n g  o u r  d i r e c t  l i n e  o f  s i g h t  t o  IRS1. The (1.25/4.8)pm 

c o l o r  t empera tu re  i n  t h e  nebula  is -LiOOOK, t o o  h i g h  t o  be a t t r i b u t a b l e  t o  

thermal emiss ion .  Near i n f r a r e d  continuum emiss ion  wi th  c o l o r  t e m p e r a t u r e  i n  

t h i s  r ange  has been s e e n  i n  v i s u a l  r e f l e c t i o n  nebu lae  by S e l l g r e n ,  Werner, and 

D i n e r s t e i n  (19831, where it is a s s o c i a t e d  w i t h  u l t r a v i o l e t  r a d i a t i o n  and t h e  

3.3pm emiss ion  feature. S i n c e  n e i t h e r  of these a p p e a r s  t o  be p r e s e n t  i n  OMC- 

2 ,  we feel  t h a t  it is u n l i k e l y  t ha t  t he  (presumably non-equ i l ib r ium)  p r o c e s s e s  

producing  the  emiss ion  i n  v i s u a l  r e f l e c t i o n  nebu lae  are o c c u r r i n g  i n  OMC-2. 

Based on t h e  h i g h  n e a r  i n f r a r e d  co lo r  t e m p e r a t u r e  and  the  h i g h  p o l a r i z a t i o n ,  

we t h e r e f o r e  assume below tha t  a l l  o f  t h e  1-5prn r a d i a t i o n  from t h e  n e b u l a  is 

scattered l i g h t  even though we have p o l a r i m e t r y  o n l y  a t  2.2 and 3.8l.m. 

The 3.05 pm a b s o r p t i o n  f e a t u r e ,  a t t r i b u t e d  t o  ice, a p p e a r s  i n  t h e  

s p e c t r a  of a l l  p o i n t s  observed  i n  t h e  nebu la  as well as i n  t h e  spec t rum of 

IRS1. The CVF spectra of IRSl and a p o i n t  i n  t h e  nebu la  are shown i n  Figure 

5b. Along t h e  l i n e  of  s i g h t  t o  IRS 1 ,  t h e  3.05 pm f e a t u r e  has a n  o p t i c a l  

d e p t h  of ~ = 2  and a l o n g  t h e  l i n e  o f  s i g h t  t o  a p o i n t  i n  t h e  nebula  l o c a t e d  20" 
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from IRSl ~ = 1 . 2 .  The o p t i c a l  d e p t h s  were d e r i v e d  by assuming a continuum 

l e v e l  between 2.2 and 3.8 pm from t h e  ene rgy  d i s t r i b u t i o n s  shown i n  F igu re  

5. 

t h e i n t e n s i t y  measured i n  t he  d e p t h  of t h e  ice  band a t  3.05pm was t aken  t o  be 

The continuum l e v e l  was t a k e n  t o  be t h e  i n t r i n s i c  i n t e n s i t y ,  Iint , whi le  

t h e  observed  i n t e n s i t y ,  Iobs. 

r e l a t i o n s h i p  

O p t i c a l  d e p t h s  were d e r i v e d  from t h e  

-'3.05 
Io bs" i n t " e  

The higher o p t i c a l  dep th  towards  IRSl s u p p o r t s  o u r  a s s e r t i o n  t h a t  a l a r g e  

amount of l o c a l i z e d  e x t i n c t i o n  ex is t  towards IRSI .  The 3.3 pm emiss ion  

f e a t u r e  which a p p e a r s  i n  the s p e c t r a  of v i s u a l  r e f l e c t i o n  nebu lae  ( S e l l g r e n  

e t  a l )  is n o t  p r e s e n t  i n  t h e  spec t rum of e i the r  IRSl or t h e  nebu la .  

. e 2  

2. IRS3 

P o l a r i z a t i o n  measurements,  g i v e n  i n  Table 2,  show t h a t  IRS-3 is 

Meakly p o l a r i z e d  a t  2.2 and 3,8pm. The 1-20 pm ene rgy  d i s t r i b u t i o n  for  IRS-3 

is shown i n  Figure 6.The t o t a l  1-20 pm l u m i n o s i t y  is SOLO. OuP r e s u l t s  show 

that  IRS-3 is a p o i n t  s o u r c e  which peaks around 5 pm. The far-IR data s u g g e s t  

tha t  it is not  a major l u m i n o s i t y  s o u r c e  i n  t h e  c loud .  

3 .  IRS4 

A t  3.8 p m  IRS4 was r e s o l v e d  w i t h  a 4" beam i n t o  two component3,as 

shown i n  t he  3.8pm map i n  F i g u r e  7. 

nor th-south  d i r e c t i o n  and w i l l  be referred t o  as  IRS4-N and IRS4-S 

The components are s e p a r a t e d  by 4" i n  the  

hereafter. IRS4-N is h i g h l y  p o l a r i z e d  a t  3.8pm. A series of N-S s c a n s  

through IRS4 shown i n  F i g u r e  8 r e v e a l s  t h e  i n t e r e s t i n g  n a t u r e  of IRS4-N. It 

is comparably b r i g h t  t o  IRS4-S a t  3.8 pm and 4.8 pm, b u t  is n o t  s een  as  a 

discrete feature a t  e i ther  s h o r t e r  o r  l o n g e r  wavelengths  u n t i l  20 pm, where it 



wavelengths  is f u r t h e r  demonstrated by 30pm o b s e r v a t i o n s  w i t h  411 and 8" 

a p e r t u r e s ,  which show t h a t  most of t h e  f l u x  from I R S 4  ar ises  from a s o u r c e  

smaller t h a n  -411 and c e n t e r e d  o n  XRS4-N. 

p o i n t  s o u r c e ,  aOri, and a n  extended object ,  BN, demonstrated t h a t  t h e  f l u x  

from I R S 4  o r i g i n a t e s  from a compact r e g i o n .  For t h i s  r e a s o n ,  we assume t h a t  

t h e  50pm and 1OOpm r a d i a t i o n  from I R S 4  is asociated w i t h  I R S 4 - N ,  which would 

t h e n  be the  dominant l u m i n o s i t y  source  i n  t h e  c l u s t e r .  The 0.94pm photograph 

p u b l i s h e d  by Cohen and F r o g e l  (1974)  shows two components i n  the  I R S 4  

r e g i o n .  By comparison of the i r  photograph t o  t h e  s t a r f i e ld  v i s i b l e  i n  t h e  

g u i d e r  a t  the  IRTF we determined  t h a t  t h e  nor thernmost  component s e e n  by those 

i n v e s t i g a t o r s  c o i n c i d e s  wi th  the source  we c a l l  I R S 4 - S ;  I R S 4 - N  h a s  n o t  

p r e v i o u s l y  been i d e n t i f i e d .  

Comparison o b s e r v a t i o n s  made w i t h  a 

1 1  



I V  DISCUSSION 

A.  IRSl and t h e  Adjacent  R e f l e c t i o n  Nebula 

The c lass ica l  method of de redden ing  t h e  d i r e c t l y  observed  ene rgy  

d i s t r i b u t i o n  f a i l s  badly  i n  t h e  case of OMC-2/1RSl because  we do  n o t  know what 

t o  assume f o r  t h e  wavelength dependence of e x t i n c t i o n  i n  t h i s  r e g i o n  and 

because even w i t h  a 4" a p e r t u r e  t he  f l u x  obse rved  d i r e c t l y  from t h e  p o s i t i o n  

of IRSl inc ludes  c o n t r i b u t i o n s  due t o  scattered l i g h t  a t  wavelengths  s h o r t e r  

t h a n  about  4vm. We fee l  t h e  s imple  arguments  p r e s e n t e d  below demons t r a t e  the  

u s e f u l n e s s  o f  t h e  scattered l i g h t  as a n  a l t e r n a t e  means o f  de t e rmin ing  the  

n a t u r e  of embedded o b j e c t s .  A similar approach  has been used by Lenzen e t  a1 

(1984)  i n  t h e i r  a n a l y s i s  o f  Cep A .  

a. Luminosi ty  of IRSl 

The r e s u l t s  of Thronson e t  a1 show t h a t  t h e  t o t a l  l u m i n o s i t y  of OMC- 

2 is 

l u m i n o s i t y ,  a n  estimate can be made of t h e  l u m i n o s i t y  of each. We scale t h e  

t o t a l  l uminos i ty  a c c o r d i n g  t o  the  i n t e g r a t e d  f l u x  i n t o  a 30" beam a t  the  peak 

p o s i t i o n s .  

assume t h a t  LIRs1~5ooL,. 

-9OOL,. 

from o u t s i d e  t he  area mapped by u s  c o n t r i b u t e s  s i g n i f i c a n t l y  t o  the o v e r a l l  

l u m i n o s i t y  of t h e  c l o u d ,  we f ee l  t h a t  500L, is a c o n s e r v a t i v e  upper  l i m i t  for 

t h e  luminos i ty  of IRS1. 

no  greater t h a n  -2100L,. Assuming tha t  IRSl and  IRS4 make up t h e  t o t a l  

S i n c e  LIRS4 is approx ima te ly  f o u r  times a s  b r i g h t  as  IRS1,we 

Our measurement of the  t o t a l  l u m i n o s i t y  of OMC-2 is 

Because the  r e s u l t s  of Thronson e t  a1 show t h a t  t h e  d i f f u s e  emis s ion  
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b. Temperature o f  IRSl 

The f a r  i n f r a r e d  r e s u l t s  which show t h a t  IRSl is a pr imary 

l u m i n o s i t y  s o u r c e  f i t  well with t h e  n e a r  i n f r a r e d  p o l a r i m e t r y  a t  2.2 and 3.8pm 

which c l e a r l y  i d e n t i f i e s  IRSl as  t h e  i l l u m i n a t i n g  s o u r c e  f o r  t h e  a d j a c e n t  

r e f l e c t i o n  nebula .  We c a n  u s e  t h i s  c i rcumstance  t o  c a l c u l a t e  the  n e a r  

i n f r a r e d  blackbody tempera ture  of IRSl by assuming t h a t  a l l  of t h e  1-5pm 

r a d i a t i o n  from the  n e b u l a  is scattered l i g h t ,  and t h a t  IRSl is t h e  s o l e  

i l l u m i n a t i n g  s o u r c e  for the  s c a t t e r i n g  g r a i n s .  The scattered l i g h t  from t h e  

n e b u l a ,  t o g e t h e r  w i t h  t h e  l u m i n o s i t y  de te rmined  from t h e  fa r  i n f r a r e d  

o b s e r v a t i o n s ,  t h e n  p r o v i d e  a c o n s t r a i n t  on t h e  t e m p e r a t u r e  o f  IRS1. T h i s  

a n a l y s i s  is approximate ,but  i n s t r u c t i v e .  A more complete  p i c t u r e  w i l l  r e s u l t  

from detai led model l ing  of t h i s  reg ion .  

We have assumed t h a t  t h e  n e b u l a r  geometry is such  t h a t  i n t e r n a l  

e x t i n c t i o n  and m u l t i p l e  s c a t t e r i n g  w i t h i n  -the nebula  c a n  be n e g l e c t e d , t h a t  

there is no reddening  a l o n g  o u r  l i n e  of s i g h t  t o  t h e  n e b u l a ,  and t h a t  IRSl can  

be desc r ibed  as  a blackbody of tempera ture  T. The n e g l e c t  of i n t e r n a l  

e x t i n c t i o n  is c o n s i s t e n t  w i th  the u n i f o r m i t y  o f  s u r f a c e  b r i g h t n e s s  and c o l o r  

of t h e  nebula  ( F i g u r e  5) .  Knowing the  l u m i n o s i t y  of  IRSl from the  far 

i n f r a r e d  o b s e r v a t i o n s , t h e  f l u x  which i l l u m i n a t e s  t h e  n e b u l a  a t  each wavelength 

can  be de termined  f o r  any  v a l u e  of  T ,  and  the  s c a t t e r i n g  p r o b a b i l i t y  i n  t he  1- 

5 pm r a n g e  can be c a l c u l a t e d .  The s c a t t e r i n g  p r o b a b i l i t y , P ( A ) , i s  d e f i n e d  as  

t h e  t o t a l  f l u x  scattered from a p a r t i c u l a r  l i n e  of s i g h t  through the  n e b u l a ,  

F A ( n e b )  , d i v i d e d  by the  i l l u m i n a t i n g  f l u x  r e a c h i n g  t h e  g r a i n s  a l o n g  t h a t  l i n e  

o f  s i g h t :  
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where F A ( n e b )  is t h e  n e b u l a r  f l u x  observed  a t  wavelength A , R  is t h e  d i s t a n c e  

t o  t h e  s o u r c e ,  L* is t h e  l u m i n o s i t y  of t h e  s t a r , F ( X , T )  is t h e  f l u x  emitted 

from a blackbody of t empera tu re  T a t  wavelength A ,  a is t h e  Stephan-Boltzmann 

c o n s t a n t ,  and  Q is t h e  s o l i d  a n g l e  subtended  a t  t h e  s t a r  by the  p o r t i o n  o f  t he  

nebu la  inc luded  i n  t h e  beam. We a n a l y z e  a p o s i t i o n  1 4 " E  and 1 4 " N  o f  IRS1, 

where the  nebula  was measured w i t h  a 6" beam,so 0-0.3 sr. We have t aken  L t o  

be 500L, and R=500pc. 

F igure  9 d i s p l a y s  P ( A )  for assumed t e m p e r a t u r e s  of 850 and 1200K f o r  

IRS1. For T1850K, P(A) approaches  u n i t y  a t  t h e  s h o r t e s t  wavelengths .  S i n c e  

t h e  p r o b a b i l i t y  canno t  exceed u n i t y ,  T 5 850K is n o t  r e a s o n a b l e .  A t  T 1 

1200K, P(A) i n c r e a s e s  wi th  wavelength a t  t h e  l o n g e r  wavelengths  which is 

i n c o n s i s t e n t  with g e n e r a l  s c a t t e r i n g  t h e o r y  f o r  small p a r t i c l e s  w i t h  r ad ius  

less  t h a n  o r  equa l  t o  t h e  wavelength: '  Applying the  c o n s t r a i n t s  on P(A) t h a t  

it n o t  exceed u n i t y  a t  any wavelength a n d . t h a t  it decreases w i t h  i n c r e a s i n g  

wavelength ,  t h i s  s i m p l i f i e d  model o f  IRSl and t h e  a d j a c e n t  n e b u l a  s u g g e s t s  

t h a t  IRSl is a t  a t empera tu re  of approx ima te ly  1000K. We n o t e  that  t h i s  

c o n c l u s i o n  is based o n  the  wavelength dependence as well as the  a b s o l u t e  v a l u e  

of P ( A ) .  

could  a f fec t  t h e  r e s u l t s  somewhat, large amounts of e x t i n c t i o n  would be 

r e q u i r e d  t o  produce s i g n i f i c a n t  changes i n  t h e  c o l o r  of t h e  sca t te red  l i g h t  

and t h u s  i n  the  r a n g e  o f  p l a u s i b l e  t empera tu res .  However , in t roducing  mre 

t h a n  a few magnitudes of e x t i n c t i o n  resul ts  i n  P(A) coming implaus ib ly  nea r  

u n i t y .  Thus t o  the e x t e n t  t h a t  t he  n e a r  i n f r a r e d  ene rgy  d i s t r i b u t i o n  of t h e  

i l l u m i n a t i n g  r a d i a t i o n  from IRSl can  be described by a s i n g l e  blackbody 

temperature,we feel t h a t  t h e  t empera tu re  must be c l o s e  t o  1000K. The amount 

of e x t i n c t i o n  implied by matching t h e  assumed p h y s i c a l  p r o p e r t i e s  of IRSl 

(L-50@L,,T=lOOOK) wi th  ou r  d i rect  nea r  i n f r a r e d  o b s e r v a t i o n s  o f  IRSl is -3.5 

Although e x t i n c t i o n  w i t h i n  t h e  nebu la  or a l o n g  t h e  l i n e  of s i g h t  



magnitudes a t  4.8pm; t h i s  wavelength is chosen as be ing  leas t  affected by 

s c a t t e r i n g  o r  thermal emiss ion .  Assuming ~ ( h )  v a r i e s  as ( B e c k l i n  e t  

a1 ,1978)  g i v e s  Av-75 a l o n g  t h e  l i ne  of s i g h t  t o  IRS1; a l t e r n a t i v e l y ,  t h e  

e x t i n c t i o n  law d e r i v e d  by R i e k e  and Lebofsky (1985) s u g g e s t  A,-85-90. 

estimate of t h e  e x t i n c t i o n  r e f e r s  o n l y  t o  t h e  d i rec t  l i n e  o f  s i g h t  t o  t h e  

T h i s  

i l l u m i n a t i n g  o b j e c t ,  IRS1, which is known from t h e  scattered l i g h t  data t o  

p a s s  through l o c a l i z e d  e x t i n c t i o n .  Thus, t h e  estimate d e r i v e d  here can  be 

r e c o n c i l e d  w i t h  t h e  lower v a l u e ,  A,-15 d e r i v e d  from the  f a r  i n f r a r e d  o p t i c a l  

d e p t h  averaged  o v e r  a 30" f i e l d  of view i n c l u d i n g  IRS1. 

Because IRSl is a n  i n f r a r e d  s o u r c e , t h e  far  i n f r a r e d  e m i t t i n g  g r a i n s  

i n  t h e  IRSl n e b u l a  must be h e a t e d  a t  i n f r a r e d  wavelengths .  A comparison w i t h  

t h e  v i s u a l  r e f l e c t i o n  nebula  NGC7023 s t u d i e d  by Whitcomb e t  a1 (1981) 

demonst ra tes  t h a t  t h i s  is p l a u s i b l e .  I n  NGC 7023, the  h e a t i n g  f l u x  (emitted 
. 

p r i m a r i l y  a t  -20008) r e c e i v e d  by  a g r a i n  at a p r o j e c t e d  d i s t a n c e  of 0.2 pc 

from the c e n t r a l  s tar is is 3.5E-7 I n  t h e  OMC-2/IRSl n e b u l a  t h e  same 

amount of f l u x  is r e c e i v e d  by a g r a i n  located 30" from IRS1, which cor responds  

t o  a projected d i s t a n c e  of 0.07 pc. The d u s t  g r a i n  t e m p e r a t u r e s  a t  the  

aforement ioned  p o s i t i o n s  are 55K i n  the NCC 7023 n e b u l a  and  29K i n  t h e  OMC- 

2/IRS1 nebula  even though the  g r a i n s  r e c e i v e  t h e  same amount o f  f l u x .  The 

lower d u s t  t empera ture  i n  the  IRSl n e b u l a  can  be unders tood  q u a l i t a t i v e l y  i f  

t h e  g r a i n s  are  heated a t  i n f r a r e d  wavelengths  s i n c e  g r a i n s  absorb less 

e f f i c i e n t l y  i n  t h e  i n f r a r e d  t h a n  i n  the  UV.  The same r e s u l t  is o b t a i n e d  even 

i f  ha l f  of t h e  100um f l u x  a t  t h e  p o s i t i o n  30" from IRSl is a t t r i b u t e d  t o  

material elsewhere a l o n g  the  l i n e  of  s i g h t  heated by IRS4. 

To summarize, our d a t a  sugges t  t h a t  IRSl is an  object  w i t h  T--1000K 

and L-500L,. 

t h e  g r a i n s  i n  t h e  nebula  are i l l u m i n a t e d  by IRSl w i t h  l i t t l e  i n t e r v e n i n g  

Our d i rec t  view o f  it is obscured  by l o c a l i z e d  e x t i n c t i o n ,  whi le  
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e x t i n c t i o n .  Seve ra l  p o s s i b i l i t i e s  e x i s t  as t o  t h e  n a t u r e  of IRS1. I t  cou ld  

be a f a i r l y  mature star embedded i n  a c i r c u m s t e l l a r  s h e l l  which radiates  a t  

1000K. It is perhaps  more s a t i s f y i n g  t o  assume t h a t  IRSl is a younger 

ob jec t , so  t h a t  1000K is t h e  t e m p e r a t u r e  of t h e  c o l l a p s i n g  enve lope  of a 

p r o t o s t a r .  Under t h i s  a s sumpt ion ,  comparison w i t h  p u b l i s h e d  p r o t o s t e l l a r  

t racks  (Larson ,  1972) show t h a t  t h e  i n f e r r e d  l u m i n o s i t y  and t empera tu re  are 

charac te r i s t ic  o f  a 3-5M, o b j e c t  abou t  10 6 y e a r s  a f t e r  t h e  o n s e t  o f  c o l l a p s e .  

c. Grain P r o p e r t i e s  

For T=1000K,we f i n d  PsO.05 as a n  ave rage  v a l u e  between 1 and 5pm 

( F i g u r e  9 ) .  The n e g l e c t  of  e x t i n c t i o n  a l o n g  t h e  s c a t t e r i n g  pa th , and  t h e  f ac t  

t h a t  L may be <500L, f o r  IRSl u n d e r e s t i m a t e  P .  The s c a t t e r i n g  p r o b a b i l i t y  is 

related t o  t h e  g r a i n  a lbedo  w as 

P=.r(neb)xw 

. C .  

where . r (neb)  is t h e  o p t i c a l  dep th  t o  t h e  i l l u m i n a t i n g  r a d i a t i o n  a l o n g  a r a y  

through t h e  r eg ion  of the nebu la  w i t h i n  the  o b s e r v i n g  beam. Because 

~ ( n e b ) l l , w e  have w l P .  A more s t r a i g h t f o r w a r d  way t o  estimate w ,  which is 

independent  o f  s p e c i f i c  assumpt ions  about  t h e  i l l u m i n a t i n g  s o u r c e , i s  t o  

c a l c u l a t e  t h e  a lbedo  by comparing the i n t e n s i t y  of t h e  scattered 1-5pm l i g h t  

and t h e  i n t e n s i t y  o f  t h e  f a r  i n f r a r e d  r a d i a t i o n .  The s i m i l a r i t y  o f  t h e  100pm 

and 2.2pm d u s t  d i s t r i b u t i o n  and t h e  fact  t h a t  IRSl is h e a t i n g  g r a i n s  a t  nea r  

i n f r a r e d  wavelengths  imply t h a t  t h e  d u s t  which scatters l i g h t  i n  t h e  n e a r  

i n f r a r e d  is a l s o  r a d i a t i n g  a t  100pm,  and t h a t  it is heated by the n e a r  

i n f r a r e d  r a d i a t i o n  which it absorbs ra ther  t h a n  scat ters .  Because 

w=a(scat)/<o(scat)+a(abs)> 

where a ( s c a t )  is t h e  s c a t t e r i n g  c r o s s - s e c t i o n  and a ( a b s )  is t h e  a b s o r b i n g  

c ross - sec t ion ,we  can  estimate t h e  n e a r  i n f r a r e d  albedo of t h e  d u s t  i n  t h e  IRS1 



n e b u l a  by t a k i n g  a ( s c a t )  p r o p o r t i o n a l  t o  B ( s c a t ) , t h e  surface b r i g h t n e s s  o f  t h e  

1-5 f l u x  and a ( a b s )  p r o p o r t i o n a l  t o  B ( a b s )  , t h e  l u m i n o s i t y  i n t e g r a t e d  over  

wavelength  from t h e  50 and 100 pm measurements. Thus, 

o=B(scat)/<B(scat)+B(abs)>. 

The p o i n t  i n  t h e  nebu la  used f o r  t h i s  c a l c u l a t i o n  is l o c a t e d  20"NE from 

IRS1. B(abs)=5.5E-8 Wcm-*sr-l and B(scat)=4.6E-9 Wcm-2sr-1 a t  t h i s  p o i n t .  'de 

f i n d  ~ 3 0 . 0 8  as  an  ave rage  v a l u e  from 1-5pm i n  t h i s  f a s h i o n .  The 100 pm map 

( F i g u r e  2)  shows tha t  g r a i n s  hea ted  by IRS4 may c o n t r i b u t e  t o  t h e  f l u x  from 

t h e  IRSl /nebula  r e g i o n .  If SO,  t h i s  c a l c u l a t i o n  u n d e r e s t i m a t e s  t he  a lbedo .  

We a l so  have n e g l e c t e d  the effects  o f  m u l t i p l e  s c a t t e r i n g  and i n t e r n a l  

e x t i n c t i o n , b o t h  o f  which would a l s o . s e r v e  t o  make t h e  a l b e d o ,  as  c a l c u l a t e d  

above ,  less  than  the  t r u e  a lbedo .  T h e r e f o r e ,  0.08 should  be c o n s i d e r e d  a 

lower  l i m i t  t o  t he  true g r a i n  albedo." A comparison o f  our resu l t  for  g r a i n  

a l b e d o s  i n  the  n e a r  i n f r a r e d  t o  s t a n d a r d  g r a i n  models (Dra ine  and Lee,1984)  

r e v e a l s  t h a t  a mix tu re  o f  g r a p h i t e  and s i l i c a t e  g r a i n s  i n  a Mathis, Rumpl, 

Nordsieck s i z e  d i s t r i b u t i o n  ( i 977 )  could  have  t h e  n e a r  i n f r a r e d  a l b e d o  20.08 

r equ i r ed  by t h e  data. 

d .  P o l a r i m e t r y  and Spec t rophotometry  

The p e r c e n t  p o l a r i z a t i o n  i n c r e a s e s  w i t h  d i s t a n c e  from t h e  s o u r c e  a t  

both  2.2 and 3.8pm. Although the p o l a r i z a t i o n  measured nea r  the swrce  w i l l  

be d i l u t e d  by t h e  v a r i a t i o n  o f  s c a t t e r i n g  a n g l e s  a c r o s s  the  beam, t h i s  e f fec t  

can accoun t  f o r  no more than  t e n  percent  of  t h e  i n c r e a s e  i n  p o l a r i z a t i o n  w e  

obse rve .  Another p o s s i b i l i t y  is t h a t  t h e  e f f e c t  is due t o  t he  geometry o f  t h e  

IRS1 nebu la .  

from the  s o u r c e ,  it may account  f o r  t h e  h ighe r  p o l a r i z a t i o n  s e e n  a t  t h o s e  

p o i n t s .  We n o t e  t h a t  t h e  p o l a r i z a t i o n  is l a r g e r  a t  3.8pm t h a n  a t  2.2pm, a 

If t h e  s c a t t e r i n g  ang le  is c l o s e r  t o  90" a t  larger distances 
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t r e n d  t h a t  i n c r e a s e s  c l o s e  t o  the  s o u r c e .  T h i s  may imply  t h a t  t h e  e f f ec t s  o f  

m u l t i p l e  s c a t t e r i n g  must be inc luded  i n  any  comprehensive model o f  t h i s  

r e g i o n .  The wavelength and s p a t i a l  v a r i a t i o n  o f  p o l a r i z a t i o n  w i l l  be 

i n v e s t i g a t e d  through f u r t h e r  modeling. 

The absence  o f  t h e  3.3 urn emis s ion  f e a t u r e  which a p p e a r s  i n  t he  

s p e c t r a  of v i s u a l  r e f l e c t i o n  nebu lae  i n d i c a t e s  t h a t  t h e  mechanism which 

e x c i t e s  t h i s  f e a t u r e  is  n o t  p r e s e n t  i n  OMC-2. T h i s  is c o n s i s t e n t  w i t h  t h e  

idea p u t  f o r t h  by S e l l g r e n  (1983)  t h a t  t he  a b s o r p t i o n  o f  u l t r a v i o l e t  photons 

by small g r a i n s  or  l a r g e  molecules  produces t h e  3.3 pm f e a t u r e  by a non- 

e q u i l i b r i u m  process .  There a re  no  U V  photons  a v a i l a b l e  t o  produce t h i s  

f e a t u r e  i n  t h e  IRS1 nebu la  because  t h e  i l l u m i n a t i n g  s t a r  is a n  i n f r a r e d  

s o u r c e .  
. .  

The 3.1 u m  ice band a b s o r p t i o n  f e a t u r e  a p p e a r s  i n  t h e  s p e c t r a  o f  

bo th  t h e  i l l u m i n a t i n g  s o u r c e  and the  r e f l e c t i o n  nebu la .  It is n o t  clear 

whether t h e  f e a t u r e  o r i g i n a t e s  i n  a d u s t  s h e l l  su r round ing  IRS1, i n  t h e  

n e b u l a ,  or  i n  l i n e - o f - s i g h t  material. A c o r r e l a t i o n  has been observed  between 

t h e  d e p t h  o f  t h e  3 . lpm a b s o r p t i o n  f e a t u r e  and h igh  p o l a r i z a t i o n  i n  star 

fo rma t ion  r e g i o n s  (Joyce and Siman, 1982 and 1986) .  These a u t h o r s  s u g g e s t  

t h a t  metal l ic  ox ide  g r a i n  cores sur rounded by i c y  man t l e s  are r e s p o n s i b l e  for  

t h i s  c o r r e l a t i o n .  I n  the i r  model t h e  i ce  a b s o r p t i o n  is produced by  t h e  

man t l e s  whi le  t h e  p o l a r i z a t i o n  is a r e s u l t  of g r a i n  a l ignment  i n  a magnet ic  

f i e l d ,  which may be enhanced by t h e  paramagnet ic  p r o p e r t i e s  of t h e  man t l e  

(Duley,1978) .  

d i c h r o i c  a b s o r p t i o n  is r e s p o n s i b l e  f o r  t h e  p o l a r i z a t i o n .  I n  t h e  case of OMC- 

2 / IRSl ,however ,  our o b s e r v a t i o n s  which show both  h igh  p o l a r i z a t i o n  due t o  

s c a t t e r i n g  and a n  ice band i n  t h e  spec t rum of t h e  nebu la  suggest t h a t  a 

g e o m e t r i c a l  exp lana t ion  f o r  t h i s  c o r r e l a t i o n  is l i k e l y .  Cons ider  a s o u r c e  

T h i s  model may a p p l y  t o  objects such  a s  t h e  BN o b j e c t  where 
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w i t h  t h e  g e n e r a l  c h a r a c t e r  Of OMC2/ IRSl  observed  from two a n g l e s  ( F i g u r e  

1 0 ) .  An o b s e r v e r  w i t h  a n  obscured  view of the  star sees h igh  p o l a r i z a t i o n  and 

a deep  i c e  band. T h i s  co r re sponds  t o  o u r  view o f  OMC-2/IRS1. An o b s e r v e r  

l o o k i n g  i n  from a n  o r t h o g o n a l  d i r e c t i o n  w i l l  see t h e  c e n t r a l  o b j e c t  mre 

clear ly  and much lower p o l a r i z a t i o n  because of symmetry and because a much 

smaller f r a c t i o n  o f  the  l i g h t  is s c a t t e r e d .  The o b s e r v e r  w i l l  a l s o  see a 

weaker ice band (see F igure  10). If t h i s  g e o m e t r i c a l  effect  is i n  f a c t  t he  

c o r r e c t  e x p l a n a t i o n  f o r  t h e  Joyce-Simon c o r r e l a t i o n , i t  i m p l i e s  t h a t  t h e  ice 

band may n o t  be p r e s e n t  i n  t he  i n t r i n s i c  spec t rum o f  the s o u r c e  which 

i l l u m i n a t e s  t he  r e f l e c t i o n  n e b u l a  i n  OMC2 o r  i n  similar o b j e c t s .  It  is 

i n t e r e s t i n g  t o  examine what t h e  OMC-2 / IRSl  r e g i o n  would look  l i k e  i f  it were 

a t  a d i s t a n c e  such  t h a t  it cou ld  not be s p a t i a l l y  r e s o l v e d .  We calculate the  

p e r c e n t  p o l a r i z a t i o n  ,averaged  over  'the IRS1 nebu la ,  t o  be 13% a t  2.2um while  

the  o p t i c a l  d e p t h  of t h e  i c e  band is r = l  .2. The s o u r c e  would t h e n  appear  

similar t o  t h o s e  o b j e c t s  c i ted  by Joyce and Simon a s  having  deep ice bands and 

h i g h  p o l a r i z a t i o n .  Note t h a t  o t h e r  r e f l e c t i o n  nebu lae  show ice  band 

a b s o r p t i o n  (Cep A ,Lenzen e t  a1,1984; NGC 6334,Simon e t  a1 ,1985) .  These 

o b j e c t s , l i k e  OMC2/IRS1, have both  deep i c e  bands and h i g h  p o l a r i z a t i o n .  I n  

each case it is c l e a r  t h a t  t he  p r i n c i p a l  p o l a r i z a t i o n  mechanism is s c a t t e r i n g  

ra ther  t h a n  d i c h r o i c  a b s o r p t i o n .  

B. The IRS3 Region 

Unl ike  t h e  cases o f  IRS1 and IRS4, the  f l u x  from IRS3 peaks  i n  t h e  

n e a r  i n f r a r e d .  The absence  o f  appreciable far i n f r a r e d  emis s ion  s u g g e s t s  t h a t  

IRS3 is n o t  a prime l u m i n o s i t y  sou rce  w i t h i n  t h e  c loud  and i n d i c a t e s  t h a t  our 

view o f  IRS3 is n o t  i n f l u e n c e d  by l a r g e  amounts o f  e x t i n c t i o n  l o c a l  t o  t h e  

s o u r c e .  The weak ice band observed toward IRS3 is c o n s i s t e n t  w i t h  t h i s  

p i c t u r e .  The absence  o f  a s s o c i a t e d  s t r o n g  f a r  i n f r a r e d  emis s ion  makes OMC- 
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2/IRS3 ra ther  unusual  among embedded i n f r a r e d  s 0 u r c e s ; p e r h a p s  complex 

geometries and d u s t  d i s t r i b u t i o n s  l i k e  t h a t  ske tched  i n  F igu re  10 are  common 

so t h a t  o n l y  i n  rare cases does one  g e t  a d i rec t  view of the  c e n t r a l  s t a r  or 

p r o t o s t a r .  One cou ld  t h e n  refer t o  OMC-2/IRS3 as  a "naked p r o t o s t a r t 1 .  An 

a l t e r n a t i v e  p o s s i b i l i t y  is t h a t  IRS3 is a background o b j e c t  viewed th rough  t h e  

c loud .  

C .  The IRS4 Region 

The two components o f  IRS4 e x h i b i t  unusua l  phenomonology(Figure 

8 ) .  The n o r t h e r n  component, IRS4-N, is comparably b r i g h t  t o  t h e  s o u t h e r n  

component, IRS4-S, a t  3.8pm and 4.8pm, b u t  is n o t  s e e n  a t  l o n g e r  wavelengths  

u n t i l  20pm. From the  3.8pm p o l a r i m e t r y  IRS4-N appears t o  be a n  i n f r a r e d  

r e f l e c t i o n  nebula  which is i l l u m i n a t e d  by IRS4-S. The absence  o f  IRS4-N a t  

8.7,9.7 and 12.5um is understandab1.e 'under  t h i s  p i c t u r e ,  s i n c e  s c a t t e r i n g  is 

less e f f i c i e n t  a t  l o n g e r  wavelengths .  The . c o n t i n u i t y  o f  t he  p o l a r i z a t i o n  w i t h  

p o s i t i o n  shown i n  F igu re  8b  a r g u e s  a g a i n s t  the  p o s s i b i l i t y  t h a t  IRS4-N is a 

background source seen  a t  2.2 and 3.8pm th rough  p o l a r i z e d  fo reg round  scattered 

l i g h t .  However,at 20pm and 30pm IRS4-N is t h e  dominant member of t h e  p a i r  and 

indeed the  most luminous o b j e c t  i n  OMC2. Clearly,two phenomena, a luminous 

far i n f r a r e d  source  and a n e a r  i n f r a r e d  r e f l e c t i o n  n e b u l a ,  are  both l o c a t e d  

a l o n g  t h e  l i n e  o f  s i g h t  t o  IRS4-N.  I t  is l o g i c a l  t o  a t t r i b u t e  these phenomena 

t o  a s i n g l e  o b j e c t .  One i n t r i g u i n g  p o s s i b i l i t y  is t h a t  t h e  s c a t t e r i n g  a t  

3.8pm is due t o  a n  ex tended  envelope  o r  d u s t  s h e l l  which su r rounds  IRS4-N and 

is i l l u m i n a t e d  a t  s h o r t  wavelengths  by IRS4-S. I n  d e t a i l  we have found it 

d i f f i c u l t  t o  make t h i s  model work, basical ly  because  IRS4-N is much r e d d e r  

than  IRS4-S a t  2.2pm. The other  p o s s i b i l i t y  is t h a t  IRS4-N i tself  is 

r e s p o n s i b l e  f o r  i l l u m i n a t i n g  a ve ry  compact ,very loca l  r e f l e c t i o n  nebu la  a t  

s h o r t  wavelengths .  I n  t h i s  case,the o r t h o g o n a l i t y  of t h e  p o l a r i z a t i o n  
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position angles to the direction toward IRS4-S is merely coincidental. 

Further work,perhaps at very high spatial resolution,will be required to 

improve our understanding of this peculiar pair of objects. 
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I D .  Comparison of I n f r a r e d  and Vi s ib l e  R e f l e c t i o n  Nebulae 

U l t r a v i o l e t  and v i s u a l  o b s e r v a t i o n s  o f  r e f l e c t i o n  nebu lae  such  as NE7023 and 

t h e  Pleiades have been one  of t h e  main means o f  o b t a i n i n g  data on the  

p r o p e r t i e s  of i n t e r s t e l l a r  g r a i n s  a t  these wavelengths  ( W i t t  e t  a1 ,1982) .  

Se l lgren ,Werner ,  and D i n e r s t e i n  (1983)  extended t h e  data on t h i s  c l a s s  o f  

objects  t o  longer  wavelengths  b u t  found the i n f r a r e d  emis s ion  t o  b e  dominated 

by non-equi l ibr ium p r o c e s s e s  t h e  n a t u r e  o f  which is s t i l l  u n c e r t a i n  

( S e l l g r e n , l 9 8 4 ; S e l l g r e n  ,1985) .  Thus c lass ical  v i s u a l  r e f l e c t i o n  nebu lae  

i l l u m i n a t e d  by e a r l y - t y p e  s t a r s  are n o t  good s i t e s  for  the  s t u d y  o f  t h e  

i n f r a r e d  p r o p e r t i e s  of the  bu lk  of t h e  i n t e r s t e l l a r  g r a i n s .  It  now a p p e a r s  

t h a t  s u c h  informat ion  may be o b t a i n a b l e  through t h e  s t u d y  of i n f r a r e d  

r e f l e c t i o n  nebulae , such  as OMC-2, which are  i l l u m i n a t e d  by i n f r a r e d  s o u r c e s .  

The b r i g h t n e s s  of  t h e  scattered i n f r a r e d  r a d i a t i o n  can  be  q u i t e  h i g h  f o r  

p r e s e n t  t echn iques ,  and t h e  absence  of u l t r a v i o l e t  r a d i a t i o n  s u p p r e s s e s  the  

non-equi l ibr ium i n f r a r e d  emis s ion  s e e n  i n  t h e  v i s u a l  nebu lae .  I n  subsequen t  

pape r s ,  we w i l l  c o n s t r u c t  models of i n f r a r e d  r e f l e c t i o n  nebu lae  t o  de te rmine  

t h e  c o n s t r a i n t s  which o b s e r v a t i o n s  such  as  these place upon t h e  p r o p e r t i e s  o f  

i n t e r s t e l l a r  g r a i n s .  

. I #  
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V .  Conclus ions  

We have  c a r r i e d  o u t  an e x t e n s i v e  program of p o l a r i z a t i o n ,  

photometry ,  and spec t ropho tomet ry  of t h e  OMC-2 c l u s t e r  a t  i n f r a r e d  wavelengths  

from 1-100pm. We f i n d  t h a t  t h e  po in t  s o u r c e s  i n  t h e  c l u s t e r  are  embedded i n  a 

complex and inhomogeneous d i s t r i b u t i o n  o f  d u s t  c l o u d s  which s t r o n g l y  modify 

ou r  view o f  them. The results h i g h l i g h t  t he  p reva lence  of 1-5pm r e f l e c t i o n  

nebu lae  i n  r e g i o n s  o f  star format ion  and t h e  consequent  importance of 

p o l a r i m e t r y  as  a probe of such  r e g i o n s .  We have  i d e n t i f i e d  t h e  OMC-2/IRSl 

nebu la  as a p a r t i c u l a r l y  good example o f  an  i n f r a r e d  r e f l e c t i o n  nebu la  t h a t  is 

w e l l  s u i t e d  t o  f u r t h e r  o b s e r v a t i o n a l  and t h e o r e t i c a l  s t u d y .  I n  c o n c l u s i o n , o u r  

r e s u l t s  show t h a t :  

1 .  The compact s o u r c e s  IRSl and IRSh’are the  main l u m i n o s i t y  sources i n  t h e  

OMC2 r e g i o n .  IRSl i l l u m i n a t e s  t h e  g r a i n s  .in t h e  a d j a c e n t  r e f l e c t i o n  n e b u l a ,  

IRS4 has double  s o u r c e  s t r u c t u r e ,  and IRS3, t h e  b r i g h t e s t  o b j e c t  i n  t h e  r e g i o n  

a t  A-lOpm, is n o t  a n  impor t an t  l uminos i ty  sou rce .  

2. The reflected l i g h t  from IRSl p rov ides  a d d i t i o n a l  c o n s t r a i n t s  on  and 

i n f o r m a t i o n  about  t h e  i l l u m i n a t i n g  s o u r c e  t h a t  canno t  be o b t a i n e d  th rough  

d i r e c t  l i n e  o f  s i g h t  o b s e r v a t i o n s .  The a n a l y s i s  o f  t h e  s c a t t e r e d  l i g h t  and 

the  c o n s t r a i n t s  from t h e  f a r  i n f r a r e d  o b s e r v a t i o n s  show t h a t  OMC-2/IRSl can  be 

c h a r a c t e r i z e d  by LS500L, and Te1000K. If IRSl is a p r o t o s t a r  w i t h  L-500L,, 

and T-1000K, then  it co r re sponds  t o  a 3-5M, o b j e c t  a t  a n  age  o f  -1E+6 years 

f o l l o w i n g  the  o n s e t  o f  c o l l a p s e .  

3. The n e a r  i n f r a r e d  (1-5)pm albedo o f  t h e  g r a i n s  i n  t h e  nebula  is ~10.08. 
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Figure  Cap t ions  

F i g u r e  1 A 50vm map of t h e  OMC-2 c l u s t e r  made u s i n g  a 30" beam o n  a 

20.3f1~10.2~~ g r i d .  Contour l e v e l s  are 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 

and 0.9 times the  peak v a l u e  o f  530 J y  i n t o  a 30" beam. The 2.2pm p o s i t i o n s  

of t h e  n e a r  i n f r a r e d  p e a k s  are d e s i g n a t e d  by t h e  + s i g n .  The 2.5 'x3.01 r e g i o n  

mapped is o u t l i n e d  by the dashed con tour .  

F igu re  2 A 100 u m  map o f  t h e  OMC-2 c l u s t e r  made u s i n g  a 30" beam on a 

20.31fx10.2" g r i d .  Contour l e v e l s  are 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 

and 0.9 times t h e  peak v a l u e  of 1620 J y  i n t o  a 30" beam. 

of t h e  n e a r  i n f r a r e d  peaks a re  d e s i g n a t e d  by t h e  + s i g n .  The dashed l i n e  is 

the  lowest contour of the  2.2 f l u x  measured by C a t l e y  e t  a1 (1974). 

The 2.2pm p o s i t i o n s  

F i g u r e  3 

6" beam on a gr id .  Contour l e v e l s  are 0.02, 0.03, 0.06, 0.13, 0.25, and 

0.5 times the  IRS3 peak v a l u e  o f  0.67 J y  i n t o  a 6" beam. Logarithmic con tour  

l e v e l s  were chosen t o  enhance t he  low l e v e l  s u r f a c e  b r i g h t n e s s  o f  t h e  map. 

The + s i g n  s i g n i f i e s  t h a t  p o l a r i z a t i o n  measured a t  t h a t  p o i n t  was less than  

t h e  3a l e v e l .  

A 2.2 Urn map of OMC-2/IRSl,IRS3, and t h e  ad jacen t  nebula  made us ing  a 

F igu re  4 A 3.8pm map of  OMC-2/IRSl,IRS3, and t h e  a d j a c e n t  n e b u l a  made u s i n g  

a 6" beam on a hrl g r i d .  Contour l e v e l s  are 0.008, 0.02, 0.03,  0.06, 0.13, 

0.25, and 0.5 times t h e  I R S ~  peak v a l u e  of 3.5 J y  i n t o  a 6" beam. Logar i thmic  

con tour  l e v e l s  were chosen t o  enhance the  low l e v e l  s u r f a c e  b r i g h t n e s s  Of t he  

map. The + s ign  s i g n i f i e s  t h a t  t h e  p o l a r i z a t i o n  measured a t  t h a t  p o i n t  was 

less than  t h e  3a l e v e l .  
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F i g u r e  5 ( a ) 1 . 2 5  t o  4.8pm broadband photometry energy  d i s t r i b u t i o n s  o f  IRSl and 

three p o s i t i o n s  i n  t he  nebu la  measured a l o n g  a r ad ia l  l i n e  through the  nebu la  

a t  p o i n t s  5"E,5"N; 8"E,811N; and 1411E,141tN o f  IRS1. 

( b )  C i r c u l a r  Variable F i l t e r  (CVF) measurements of IRSl and t h e  8t1E,81fN p o i n t  

i n  t h e  nebula  made from 2.81h(pm)S3.7 u s i n g  a 6" beam. 

F i g u r e  6 

IRS3 (6" beam). 

1.25 t o  20pm broadband energy  d i s t r i b u t i o n s  of IRSl (41f beam) and 

F i g u r e  7 A 3.8pm pho tomet r i c  map of IRS4N and IRS4S made u s i n g  a 41r beam on 

a 2" g r i d .  Contour  l e v e l s  are 0.1, 0 .2 ,  0.3, 0.4,  0.5, 0.6, 0.7, 0.8,and 0.9 

times t h e  IRS4S peak v a l u e  of 0.3 J y  i n t o  a 

measurements made w i t h  a 4?l beam are shown on  t h e  map. 

l i n e  i n d i c a t e s  t he  degree  o f  p o l a r i z a t i o n  w h i l e  the  o r i e n t a t i o n  o f  t h e  d a r k  

l i n e  g i v e s  the  p o s i t i o n  a n g l e  of  t h e  maximum e l ec t r i c  v e c t o r .  The + s i g n  

s i g n i f i e s  t h a t  t h e  p o l a r i z a t i o n  measured a t  tha t  p o i n t  was less t h a n  t h e  3a 

l e v e l .  

beam. P o l a r i z a t i o n  

The l e n g t h  o f  t he  d a r k  

F igu re  8 North-South pho tomet r i c  s c a n s  through IRS4 a t  X=2.2, 3.8, 4.8, 8 .7 ,  

9.7,  12.5, and 20pm, u s i n g  a 411 beam, which show t h e  r e l a t i v e  f l u x  o f  IRS4N 

and IRS4S. 

scan .  

a l o n g  t h i s  l i n e ,  as  sugges t ed  by F igure  7.  

A p o l a r i z a t i o n  s c a n  a t  3 .8  pm is superposed  on t h e  3.8 pm f l u x  

The s c a n  was made by assuming a p o s i t i o n  a n g l e  o f  -90' a t  a l l  p o i n t s  
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Figure  9 The nea r  i n f r a r e d  s c a t t e r i n g  p r o b a b i l i t y ,  f, as d e f i n e d  i n  t h e  tex t  

is shown for i n t r i n s i c  temperature v a l u e s  f o r  IRSl of 850K and 1200K. 

Figure  10 A schemat ic  diagram of t h e  IRSl n e b u l a  and the  embedded p r o t o s t a r  

as seen  from or thogona l  d i r e c t i o n s .  
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Fig 5 

Fig 5 (b) 
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OMC2 - IRS4 FLUX MAP AT 3.8 prn 
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Table 1 

ORION MOLECULAR CLOUD 2 - SOURCE POSITIONS 

I n f r a r e d  Source 2.2prn Peak Flux P o s i t i o n  O f f s e t  from IRS3 
R A (  1950) DEC( 1950) 

io. 1 * 1" 

IRS 1 5 h m s  32 56 .9 -5" 12'21".3 33ll.3 West, 11"  .3 South 

6" West, 52" North h r n s  IRS 2 5 32 58 .7 -5'11' 18" 

IRS 3 5 h r n s  32 59 . 1  -5"12'1Ott * 

9".7 East, 43Il.9 North 

IRS 4s 5 32-59 . 8 -5" 11 '  30".1 9".7 East, 39".9 North 

h m s  IRS 4 N  5 32 59 .8 -5" 11' 26".1 

* Gatley e t  a1 (1974) 
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