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Precision measurements of spin-rovibrational energies in molecular hydrogen ions provide access to fundamental
constants such as the proton-to-electron mass ratio or the proton charge radius, by comparison with theoretical results
[1, 2, 3]. These ionic energy intervals can be determined precisely by Rydberg-series extrapolation [4, 5] of series
converging to different spin-rovibrational states in the ion. Measurements of Rydberg-Stark manifolds at varying
electric field strengths and comparison with precise calculations of the field-induced Stark shifts [6] enable the
determination of the zero-quantum-defect positions −'H2/=2, which yield precise ionization thresholds. The use of
this procedure has recently been demonstrated in determining the fundamental vibrational interval of H+2 with sub-MHz
uncertainty [7].

This contribution focuses on the extension of the zero-quantum-defect method to molecular hydrogen ions which
have a fine or hyperfine structure. We present precision measurements and calculations of Stark manifolds in Rydberg
states of molecular hydrogen including interactions involving the rotational angular momentum and the nuclear spin
of the ion. Focusing on the spin-rotation splitting in para-H+2 (E

+ = 1, #+ = 2, � = 0) and the hyperfine splitting in
ortho-D+2 (E

+ = 1, #+ = 0, � = 0, 2), we show that these calculations accurately describe the experimentally measured
Rydberg-Stark manifolds quantitatively. Finally, the comparison between experiment and calculations is used to
determine the hyperfine splitting in ortho-D+2 with an uncertainty in the low-kHz range.
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