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Abstract. — Einstein A-coefficients for vib-rotational transitions in CO isotopomers, for vibrational quantum
number v up to 20, rotational quantum number J up to 140, and ∆v up to 4, are calculated. The change in J is
governed by the selection rules ∆J = ±1. These coefficients play an important role in astronomy, as CO is the most
abundant molecule after H2 , and has been observed in almost all the astronomical objects.
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1. Introduction
Carbon monoxide has been observed in almost all the astronomical objects and is the most abundant molecule
after H2 . Hence, it has been a molecule of great interest for astrophysicists. For its theoretical studies, one
of the essential parameters is the Einstein A-coefficients
for vib-rotational transitions. The Einstein A-coefficients
for vib-rotational transitions for CO have been calculated by a number of authors, e.g., Chackerian & Tipping
(1983), Hure & Roueff (1993) and Goorvitch & Chackerian
(1994a, b). The reason, for recalculations for these coefficients has been either more accurate Dunham coefficients,
derived from the accurate and large number of transitions
in the higher vibrational states, were obtained, or more accurate electric dipole moment function (EDMF) from the
experimental measurements or ab-initio calculations was
obtained. Chackerian & Tipping (1983) used the Dunham
coefficients derived by Dale et al. (1979), and the EDMF,
used by them, was obtained by using the data from various accurate observations. Hure & Roueff (1993) used the
energies which were in agreement often better than 0.01
cm−1 with the laboratory data of Farrenq et al. (1991), Le
Floch (1991a, b), Guelachvili et al. (1983), and the EDMF
was that calculated by Cooper & Kirby (1987). Goorvich
& Chackerian (1994a, b) used the Dunham coefficients of
Farrenq et al. (1991) and the EDMF experimentally derived by Chackerian et al. (1984).
Besides the accuracy of the Dunham coefficients and
the EDMF, one more important aspect in the calcula-

tions is the accurate determination of the potential energy curve by using the values of the Dunham coefficients.
Our (Chandra et al. 1995) recent calculations for the Einstein A-coefficients for the CS molecule showed that the
Einstein A-coefficients, particularly for large J and/or
large v are very sensitive to the potential energy curve.
Various methods for determination of the potential energy curve have been suggested time to time (see, e.g.,
Chandra & Sharma 1995). Recently, Chandra &
Maheshwari (1995), and Chandra & Sharma (1995) have
proposed new methods for the calculation of the potential
energy curve. These methods are very fast and the accuracy of the turning points in the potential energy curve
is at least 10−7 Å, which is better than that of the other
methods, used earlier.
In the present investigation, we have calculated
Einstein A-coefficients for the vib-rotational transitions
in the more abundant CO isotopomers. We have used the
Dunham coefficient of Farrenq et al. (1991) and the EDMF
of Chackerian et al. (1984). However, the potential energy
curve, to which the calculations are more sensitive than
other parameters, is calculated by using the methods of
Chandra & Maheshwari (1995), and Chandra & Sharma
(1995). Both of these methods produce the turning points
of the same accuracy of at least 10−7 Å. The Dunham coefficients of Farrenq et al. (1991) are very accurate as these
have been derived from the laboratory data available up
to very high vibrational states (v ≤ 41).
2. Method of calculation and results
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The RKR potential for the molecule CO has been calculated with the help of the methods of Chandra &
Maheshwari (1995), and Chandra & Sharma (1995) where
the Dunham coefficients of Farrenq et al. (1991) are used.
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Table 1. Turning points (in Å) and potential energy (in cm−1 ) for

12

C16 O

The turning points (rmin and rmax ) in the potential energy
curve and the corresponding potential energy for 12 C16 O
are given in Table 1. By using this potential energy curve,
the Einstein A-coefficients are calculated with the help of
the program LEVEL (Le Roy 1993). In the calculations,
we used the value of the equilibrium nuclear separation,
Re = 1.1283226 Åand the dissociation energy 90674 cm−1
(Eidelsberg et al. 1987).
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We calculated the A-coefficients for vibrational quantum number v up to 20, rotational quantum number J up
140, and ∆v up to 4. The numerical results are given in
Tables 2A, 2B, 2C and 2D for 12 C16 O, 12 C17 O, 12 C18 O
and 13 C16 O, respectively, and are available in electronic
form via anonymous ftp 130.79.128.5 at the CDS. In the
Tables V L and JL are, respectively, the vibrational and
rotational quantum numbers for the lower level, and V U
and JU are the corresponding numbers for the upper level
for a transition. The units of the Einstein A-coefficient, A,
energy of the lower level, E and the frequency of the transition, freq, are s−1 , cm−1 and cm−1 , respectively. A part
of the Table 2A for v up to 2 and J up to 10 is given, here,
in the printed form.
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