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QED tests in hydrogen molecules
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Precision measurements in H2 and the hydrogen isotopologues HD and D2 can be confronted with results of the most
advanced theoretical calculations of its level structures. These calculations involve details of non-adiabatic, relativistic and
quantum-electrodynamical (QED) effects.1 By this means QED theory can be tested on molecular systems. Since the weak
and strong interactions do not play a role in hydrogenic systems, at least not at the level currently in reach, such tests in
fact interrogate the Standard Model of physics.2 The dissociation energy of the H2 molecule represents a typical benchmark
and a test ground, while its precision has been improved by many orders of magnitude since the early days of spectroscopy
and quantum mechanics. With the involvement of the Amsterdam-Zürich collaboration the precision on the experimental
side has been improved by a factor of 1000.3,4,5 Recently also a strongly improved value for the dissociaton energy of the D2

molecule was obtained,6 which was found to be in agreement with theory.7 So far no significant deviations from theoretical
calculations have been found, so the measurements stand as a test of molecular QED. At the same time the results can be
used to rule out or constrain theories beyond the Standard Model, on fifth forces and extra dimensions.1

Alternatively, vibrational transitions in hydrogen are a testground for QED calculations, in particular now that Doppler-
free measurements can be performed for the HD species that exhibits a small dipole moment.8,9,10 The interpretation of
the measurements relying on saturation spectroscopy has been halted, and the full potential of the accurate measurements
cannot be exploited, because the line shapes of the HD resonances are not fully understood. Detailed studies have come
up with models and explanations on the one hand pointing at underlying hyperfine structure and cross-over resonances as
being at the origin of the line shape,11 while on the other hand an interaction between bound and continuum resonances
yielding a Fano line shape is postulated.12

Finally, measurements on tritium-containing isotopes T2, DT and HT are currently being performed to broaden the test
ground for QED calculations of hydrogenic systems.13,14 These developments on the experimental side go hand in hand with
activity on the theoretical side.15
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