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Molecular energy levels are sensitive to electron-to- proton mass ratio constant p=me/m, varia-
tion which is higher than that of fine structure constant’. Frequency comparison of two near-
resonant rovibrational transitions f; ; in the electronic ground state is discussed to probe variation
of p. The change of the frequency splitting of the transitions X=f;-f, with the fractional change
of p: 0,X=dX/d(Inp) governs the sensitivity of the approach. In addition, measurement of differ-
ence frequency reduces some systematic frequency shifts and leads to an uncertainty X that put
the limit of the fractional uncertainty of p variation at §X/0,X. Finally, when both transitions are
measured against a clock at frequency f. with uncertainty of;, the accuracy is no better than
dXmin=Xof/f.. Resonant vibrational levels in a polyatomic molecule or isotope effect are ex-
ploited to define the pairs of transitions. Near-resonant transitions arise from the cancellation of
the difference between the vibrational intervals with a fraction of the difference between the rota-
tional intervals. The gap between the vibrational bands origins yields an enhancement of the sen-
sitivity 0pX/X. The approach of frequency comparison of near-resonant molecular transitions is
general and can be extended to rotational transitions in the THz domain.

Isotopic acetylene transitions provide a dense grid of frequency references in the 1.5 um region.
Many groups used a laser locked by the Pound-Drever-Hall technique to saturated absorption
lines probed in a Fabry-Perot cavity for absolute frequency measurements® with a frequency
comb. Sensitivity of each transmon frequency to the fractional variation of p J,f is calculated
using a rovibrational Hamitonian®. Pairs of near-resonant transitions are identified for this data®
and the calculated enhancements are apX/X>1O4 The stabilized laser has a fractlonal frequency
stability of a few 10™ at 1 s of integration time with a plateau at some 10™* at 10% s. The fre-
quency comparison may put a limit to the p variation beyond the level reached previously* with
careful control of systematic frequency shifts. Pressure, power and modulation lead to fractional
frequency shifts in the 10™ range®. The systematic shifts of the difference frequency are reduced
and the stability of the experimental parameters defines the ultimate uncertainty. Systematic fre-
quency shifts that have been previously less explored, due to second order Doppler and recoil
effects, hyperfine structure and Zeeman effect, black-body radiation shift, are evaluated.
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