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ABSTRACT
The interpretation of the observed columm densities of rholewlar
Hydrogen into the first eight rotational levels requires a detailed analysis of the
different excitation processes. Radiative pumping and collisional excitation lead
only to even &aJ transitions. We study in this paper the implications of recent
calcuiations on the ortho-para transition of molecular Hydrogen due to reactive
collisions with protons in a compreheansive mode! of diffuse interstellar clouds.
—~

The observations of several rotational excited levels {(up to J = 7) in coid
diffuse interstellar clouds /1/ shouid be good indicators of the typiéal conditions
prevailing in these regions such as the density, temperature. and the UV
radiation field. A single excitation temperature cannot explain the various
observations and one needs a detailed description of the different excitation
mechanisms. Black and Dailgarno /2 have shown that radiative pumping followed
by UV fiuorescence in the Lyman and Werner band systems and subsequent
radiative cascades have to be considered as -well as coliisional excitation by H

H2. e~, H* of the ground vibrational rotational states.



; ; i +
Amongst all these processes. reactive coliisions with H arising from the cosmic

ray lonization properties are the only which induce odd aJ transitions between
rotational states of H2 i.e. ortho-para conversion. ‘

Let us remind however that molecular Hydrogen is formed on grains which
feads to a certain statistical distribution on rovibrational states of H2 which Is
subsequently modified by the above memlohed processes. ,

Comprehensive models of diffuse lnterstellarv clouds have rece'ntly'been‘
completed /37 under the assumption of a H2 (J=1)+H*-H2 (J=0)+H* rate
coefficient of 3 10710 ¢m3 s=1 from the estimation ot Daigarno et al /4/. They
used the further assumption that :

k J+#2-j+1 = g(J+1) 7 g(J+2) k j+1~] where g Is the statistical weight of J level.

We study in this paper the subsequent changes in the various rotational
column densities of H2 when one includes more realistic data which were
obtained from a most dynamically bilased (MDB) statistical theory of the reactive
process /5/.

Table 1 gives the column denslities in log (cm -2) relavant to the diffuse
Zeta QOphiuchi cloud. Observation are reported in Viala et al /3/. VRA refers to
results obtained with the physical conditions of model 6 in table 6 of Viala et al
(1987) using as the standard radiation field the Mathis et ail /67 expression
(column MB83 of table 8 same reference). These calculations are performed with
the reaction rate coefficients estimations reported in /2 and /4. GR column
'refers‘to the results obrained within the same physical conditions but with the
recent calculation of Gerlich /57 for the AJ=1 transition rate coefficients of H*+H2

(J) reaction.

Observations VRA GR
H 20.72 + 0.03 20. 64 20. 68
H2 20.65 ¢ 0.08 20. 69 20.67
H2 J=0 20.51 £ 0.08 20. 52 20. 30
J=1 20.10 ¢+ 0.08 20.19 20. 42
J=2 18.56 + 0.10., -~-0.19 18. 52 18. 54
J=3 17.07 + 0.30. -0.39 16. 98 16. 88
J=4 15.68 + 0.10, -0.19 14.96 14. 98
J=5 14.63 + 0.05 14.22 ' 14.25
J=6 13.69 ¢+ 0.0S 13. 43 13.46
J=7 13.55 ¢+ 0.05 ' 13.13 _ 13. 21



Comparison between VRA and GR shows that the new data on ortho-para

transitions by Gerlich 5/ modify consideratly the J=0 and J=1. column denslties

of H2. Higher rotational states which are mainly populated through radlative

pumping and subsequent fluorescence are almost not affected. However. larger

transitions can occur in H*+H2(j) reactlons.Preliminary calculations show that

AJ=2 and AJ=3 transitions have reasonnable probability. We shall present the

implications of these transitiongat the conference In the frame of the same model.

An astrophysical discussion on the physical parameters describing the Interstellar

Zeta Ophiuchi cloud will then be relevant.
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