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T h e observed H2 level popula t ion d is t r ibut ion of the ro ta t iona l levels J = 
5, 6 and 7 in t h e g round electronic and vibra t ional s t a t e X(v = 0) is analysed 
using available Copernicus d a t a (Spitzer and Mor ton , 1976) for t he diffuse 
clouds toward t h e s ta rs £ Oph , S Per and £ Pe r . T h e abundances of H2 in 
these high purely ro ta t ional ly exci ted energy levels are due to t he influence 
of one or more of th ree possible exci ta t ion mechanisms: collisions wi th abun-
d a n t part icles (e.g. H a t o m s and H2 molecules) , UV-photoexc i ta t ion and H2 
format ion. 

T h e UV-photoexc i ta t ion process on its own produces an occupa t ion of 
t h e J = 5 level which is abou t 40 t imes bigger t h a n t h a t of t h e J — 7 
level; t h e popu la t ion of t he J = 6 and J = 7 level of H2 in diffuse clouds is 
dependen t on t h e pa ra -o r tho r a t i o of molecular hydrogen. T h e observat ions 
show t h a t t he column densi ty of H2 in t he J = 7 level is abou t 3 t imes 
higher t h a n expected if UV p u m p i n g was the ma in exci tat ion mechan i sm. 
Fu r the rmore , t h e observed co lumn densi ty ra t io of H2 in the J = 6 and 7 
level is found to be independen t of t he measured pa ra -o r tho of H2. Therefore 
t h e UV pumping process cannot be the p r imary exci tat ion mechanism for 
H 2 in these high J levels. 

In contras t t o UV pumping , collisional exci tat ion of H2 molecules could 
b e t h e p redominan t act ion responsible for t he observed column densi ty dis-
t r i bu t ion between the high J levels. However, t he physical condi t ions needed 
t o genera te th is d i s t r ibu t ion are qu i te special; t he kinetic gas t e m p e r a t u r e 
would need to be abou t 2000K a n d the exci tat ion of t he H2 molecules would 
have to be caused by H a toms a t a densi ty of a b o u t 300 c m - 3 in qui te ef-
ficient collisions. Collisions wi th o the r H2 molecules are much less effective 
and so t he densi ty required would be much higher. Whi le such a solut ion is 
possible, it is qu i te inconsistent wi th o ther de te rmina t ions of these pa rame-
te r s . 

We have invest igated the a l te rna t ive explana t ion of the J level popula t ion 
d is t r ibut ion which is based on the H2 formation process . Assuming t h a t the 
in ternal energy d is t r ibu t ion of newly formed H2 molecules is nar row, the 
observed column density d i s t r ibu t ion of H2 in the J = 5, 6 and 7 level 
can be reproduced if H2 molecules are initially in one of two neighbour ing 
rovibra t ional levels (one for ortho-H2, one for para-H2) following: (v = 1; J 
= 7, 8) , (v = 4 , . . .11; J = 9, 10) or (v = 10, 11; J = 11 , 12); th is choice is 
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consis tent wi th the H2 formation model of Hunte r and Watson (1978) . 
If t he popu la t ion of high J levels is mainly due to H 2 format ion, a s imple 

e s t ima te for the evolution t ime t of a diffuse cloud can be m a d e suppos ing the 
cloud conta ined a t the beginning of i ts development vir tual ly only a tomic 
hydrogen and there is still plenty of it available 

T h e typical ' age ' of diffuse clouds is within 5 X 1 0 5 t o 1 X 1 0 6 yr for this kind 
of e s t ima te . Th i s is another reason why the format ion of H 2 on gra ins is t he 
mos t favourable process which can explain t he observed J level popu la t ion 
d is t r ibu t ion of H 2 . 

Chemica l models of diffuse clouds are s t rongly affected by the a s sump-
t ion t h a t H 2 formation ra the r t han UV pumping is t h e v i ta l process for t he 
popu la t ion of high J levels in H 2 molecules, because the re is no need any 
more for a s t rong UV field to explain why these levels a re so heavily pop-
u la ted . A (non-equi l ibr ium) model for the diffuse cloud toward £ Oph was 
m a d e which reproduces not only the H to H 2 r a t io and the measured H 2 (J) 
column densi ty dis t r ibut ion but also very satisfactorily t he abundances of 
all observed chemical species (except C H + ) , especially t he high a m o u n t of 
C O . T h e mode l assumes t h a t the cloud has a plane-paral lel s t r uc tu r e and 
a uniform densi ty ( n # = 240 c m - 3 ) . T h e cloud is subdiv ided in two p a r t s 
wi th different kinet ic t empera tu res (30 K and 140 K ) . T h e UV field which 
i r rad ia tes t h e cloud from the warm side has an intensi ty which is only a fifth 
of t h e s t a n d a r d value for the interstel lar UV field. T h e cosmic ray ionizat ion 
r a t e is 2 x 1 0 " 1 7 s - 1 . T h e evolution t ime for the ( Oph cloud is 1 x 1 0 6 yr . 

Addi t iona l observat ions of H 2 in high ro ta t iona l levels a re needed to find 
ou t more a b o u t their main excitat ion mechanism. A far-UV spec t rome-
ter wi th high sensit ivity and resolution is required for these observat ions 
( L y m a n - F U S E in 1997). T h e detect ion of water in ( Oph which is predic ted 
by t h e model could give addi t ional suppor t for the theory t h a t H 2 forma-
t ion (or collisional exci ta t ion) ra ther t h a n UV pumping is t h e vi tal exci ta t ion 
process for high J levels in H 2 . 
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