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Precision measurements in hydrogen and helium
Few-electron atoms and molecules are attractive systems for precision spectroscopy because their properties
can be calculated with high accuracy from first principles. The measurements serve to test theoretical predic-
tions, ideally at the level where their accuracy iσ limited by the uncertainties of the fundamental constants
or by unrecognized physical effects. I will report on precision measurements of energy intervals in cold sam-
ples of H, He and H2. We focus on the measurements of accurate transition frequencies to high Rydberg
states, which we then use to determine ionization energies by Rydberg-series extrapolation. These ionization
energies can then be compared to values calculated from first principles. In the case of He, for instance, the
first complete calculation of the α7m Lamb shift for several triplet states has recently been carried out and the
ionization energy of the 23S1 metastable state was reported to be 1 152 842 742.231(52) MHz [1], which differs
from the experimental value of 1 152 842 742.640(32) MHz [2] by almost 8σ. In the case of H2, HD and D2, the
results agree within the combined uncertainties of about 1 MHz, see, e.g., [3-5]. The talk will give an overview
of the sources of uncertainties that limit our measurements and present our strategy to improve the precision
and accuracy of the experimental results. This strategy includes the development of (a) improved sources of
cold samples of H, He and H2 (see, e.g., [6]), the use of an improved frequency calibration through a stabilized
fiber network with ring topology providing a SI-traceable frequency standard from the Swiss Federal Institute
of Metrology METAS [7], and the use of improved methods to reduce systematic uncertainties arising from
stray electric fields [8].
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