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T h e ISO S W S s p e c t r o m e t e r ha s enab led us t o de tec t for t h e first t i m e 

t h e emiss ion l ines from t h e p u r e r o t a t i o n a l t r an s i t i o n s of molecu la r hy-

drogens (H2). W e have been inves t iga t ing t h e phys ica l condi t ions a n d t h e 

exc i t a t i on m e c h a n i s m s of H2 in b r igh t I R galaxies . Here , we p re sen t t h e 

p r e l im ina ry resu l t s for N G C 6240, which is p r o b a b l y t h e m o s t i n t e r e s t i n g 

ob jec t in our s a m p l e b e c a u s e of i ts larges t known H2 luminos i ty . 

F i g u r e 1(a) shows t h e H2 exc i t a t ion d i a g r a m for N G C 6240 c o n s t r u c t e d 

from b o t h t h e ISO d a t a a n d t h e g r o u n d d a t a . I t was poss ible t o c o m b i n e 

t h e t w o d a t a se ts because t hey de t ec t ed lines o r ig ina t ing from t h e s a m e 

u p p e r level. T h e r e a re t w o th ings to no t e : (1) t h e r e is a la rge a m o u n t of 

cooler ( < 400 Κ ) H2, a n d (2) t h e v = 0 a n d t h e v = l levels a re no t in L T E . 

T h e r e a r e ma in ly t h r e e k n o w n processes which can p r o d u c e such a non-

L T E level p o p u l a t i o n : (1) U V p u m p i n g in t h e pho ton-d i s soc ia t ed - reg ion 

( P D R ) , (2) H2 f o rma t ion p u m p i n g in J - shock , a n d (3) C-shock. F i g u r e 

l ( b ) - ( d ) show t h e first compar i son of t h e t h r e e mode l s w i th t h e d a t a . 

F i r s t , t h e P D R mode l seems t o be ru led ou t because it ove rp roduces 

H2 in t h e h igher v ib ra t i ona l levels. Th i s is a r o b u s t fea ture of t h e P D R 

m o d e l s , a n d c a n n o t b e changed by ad jus t ing t h e mode l p a r a m e t e r s . O n 

t h e o t h e r h a n d , t h e shock mode l s seem t o work significantly b e t t e r . T h e 

J - shock m o d e l can fit t h e overall s h a p e because a var ie ty of t e m p e r a t u r e is 

poss ib le in t h e shocked region, d e p e n d i n g on t h e d i s t ance from t h e shock 

f ront . Looked a t in de ta i l , however , th is m o d e l also dev ia tes significantly 

from s o m e d a t a p o i n t s . T h e C-shock mode l can fit t h e h igher v i b r a t i o n a l 

levels very well , b u t it c a n n o t fit t h e lower t e m p e r a t u r e c o m p o n e n t . T h i s 

is b e c a u s e a C-shock is m o r e i s o t h e r m a l t h a n a J - shock . However , a two-
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c o m p o n e n t C-shock m o d e l m a y work . In fact , it is no t a t all su rp r i s ing if 

s ingle-veloci ty shock mode l s t u r n ou t t o b e t o o s impl is t ic t o fit t h e d a t a . 
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Figure 1. (a ) T h e d a t a are from E g a m i e t al. ( 1 9 9 8 ) , Suga i et al. ( 1 9 9 7 ) , a n d van der 

W e r f ( 1 9 9 6 ) ; ( b ) a P D R m o d e l c a l c u l a t e d by t h e c o d e of S t e r n b e r g & D a l g a r n o ( 1 9 8 9 ) ; 

( c ) a J - s h o c k m o d e l c a l c u l a t e d b y t h e c o d e of H o l l e n b a c h &; M c K e e ( 1 9 8 9 ) ; ( d ) a C - s h o c k 

m o d e l f rom K a u f m a n & Neufe ld ( 1 9 9 6 ) . Al l t h e m o d e l s are n o r m a l i z e d at ν = 0,ji = 9. 

T h e O, • , a n d Δ c o r r e s p o n d to ν = 0, 1 ,2 l eve l s , respec t ive ly . 

O u r t e n t a t i v e conclus ion , therefore , is t h a t H2 in N G C 6240 is exc i ted 

by shock , a n d t h e shock speed is slow ( ~ 40 k m / s ) . Th i s is i m p o r t a n t 

b e c a u s e t h e shock is no t powerful enough t o p r o d u c e t h e h igh -exc i t a t ion 

[Ο IV] 25.9 μπ ι l ine , which was de t ec t ed only in N G C 6240 a m o n g t h e 

u l t r a l u m i n o u s I R galaxies observed ( E g a m i et al . 1998). Unless t h e r e is an 

a d d i t i o n a l s t r o n g c o m p o n e n t of fast ionizing shocks , t h e [ 0 IV] l ine m u s t 

come from an A G N . Also, such a slow shock canno t p r o d u c e a significant 

a m o u n t of [Ne II] 12.8 μ ι η l ine, which could have j eopa rd ized our ana lys i s 

of t h e u n d e r l y i n g s te l lar p o p u l a t i o n . 
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