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Unlike radio emission of CO, infrared absorption of CO give column densities in each rotational level directly when weak transitions
like overtone bands or

���
CO or C

���
O isotope bands are used. This allows more straightforward determination of temperature (

�
) and

density ( � ) of the environment than the large velocity gradient (LVG) model used to determine them from antenna temperatures of radio
emission. In order to facilitate such determination, we have solved the steady state linear simultaneous equations for thermalization of
CO and calculated population ratios of rotational levels as a function of

�
and � as we did for H

�� .a We thus get two-dimensional graph
of column density ratios, for example, � ( � =1)/ � ( � =0) and � ( � =2)/ � ( � =0) as a function of

�
and � or variation of it when other

population ratios are used. As for H
�� we can invert the graph to obtain graphs of

�
versus � as functions of population ratios which is

more convenient to apply to observed data.b

We use rate constants of collision-induced transitions between CO and ortho- and para-H 	 theoretically calculated by Fowlerc and Wernli
et al.d which have been compiled and extended by Schöier et al.e As the first approximation, only spontaneous emissions are considered
and other radiative effects such as induced emission and absorption are ignored. The results are applied to CO column densities observed
toward the Galactic center, that is, CO in the three spiral arms, 3-kpc (Norma), 4.5-kpc (Scutum), and local arms (Sagittarius), and in the
Central Molecular Zone.
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