
Precision spectroscopy of the 2S-6P transition 

in atomic hydrogen and deuterium 

V. Wirthl1, L. Maisenbacher1,2, D. Taray1, O. Amit1,  

R. Pohl3, T. W. Hänsch1,4, Th. Udem1,4 

1Max Planck Institute of Quantum Optics, Garching, Germany 
2 University of California, Berkeley, USA 

3 Johannes Gutenberg University, Mainz, Germany 
4 Ludwig Maximilian University, Munich, Germany 

 

Both atomic hydrogen and deuterium can be used to determine physical constants and to 

test bound-state Quantum Electrodynamics (QED). By combining at least two transition 

frequency measurements in each isotope, the proton and deuteron radii, along with the 

Rydberg constant, can be determined independently [1]. This is particularly interesting 

because of the tensions within the recent hydrogen measurements, which leaves room to 

speculate about possible new physics [2], as well as because no recent deuterium 

measurements are available such that a discrepancy with muonic deuterium persists [3]: 

 

 

 

 

 

 

 

 

 

 

Using our improved active fiber-based retroreflector to suppress the Doppler shift [4], we 

recently measured the 2S-6P transition in hydrogen with a relative uncertainty below one 

part in 1012, allowing one of the most stringent tests of bound-state QED. Here, we report on 

the status of the ongoing analysis. We also performed a preliminary measurement of the 

same transition in deuterium. In contrast to hydrogen, the 2S-6P measurement in deuterium 

is complicated by the simultaneous excitation of unresolved hyperfine components, possibly 

leading to quantum interference between unresolved lines [5]. Our detailed study of these 

and other effects in deuterium demonstrates the feasibility of determining the 2S-6P 

transition frequency with a similar precision as for hydrogen. 
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