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A potential diagnostic application of molecular rotational absorption
lines at high redshift is to test the invariance of physical constants. This
can be done by comparing the observed redshifted frequency of a molecular
absorption line with redshifted lines from other types of transitions such as
the 21cm hyperfine transition or electronic resonance transitions. In order to
set stringent limits, it is necessary to achieve the greatest possible frequency
resolution. This makes radio lines well suited for this purpose.

The frequency of a rotational transition of a linear molecule is, to first
order vy o m2a?/u, where u is the reduced mass of the molecule. For
the 21cm hyperfine transition of atomic hydrogen the frequency is vpy o
m2atg,/m,. Hence the ratio of the transition frequencies is o ag,(u/mp).
me and mp, are the electron and proton masses, respectively. A comparison
of molecular rotational transitions with the 21cm hyperfine transition there-
fore tests the invariance of the proton gyromagnetic ratio g, and the fine
structure constant a. The frequency of a molecular rotational transition is
affected by centrifugal stretching, allowing a comparison of different transi-
tions from the same molecule, or rotational lines from different molecules.
Here it is the invariance of the nucleon masses that is tested. At z=0.25 &
0.68, Az/(1+ 2z) < 107°, at 30, or < 2 x 10~%year~!, when comparing
molecular and 21cm transitions. The main limitation to the use of radio
lines is that different transitions may probe different gas volumes along the
line of sight, with a possible velocity difference. This is true also when com-
paring only rotational transitions, as the opacity depends on the excitation
conditions, which can vary along the line of sight. Hence, any value set by
comparisons of these types must be regarded with caution.
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