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Quantum electrodynamics corrections in bound three-body systems 
 
Our group is involved in high-precision calculations on the quantum three-body problem (see 
for example [1]). Among the systems under study one finds, in particular, the simplest of all 
molecules: the hydrogen molecular ion H2

+ and its isotopes HD+, D2
+. Similarly to the H atom 

in the atomic realm, H2
+ is a privileged system for precise tests of molecular theory and 

metrology of fundamental constants. 
 
One interest of molecules is that they exhibit ro-vibrational transitions whose frequencies are 
very sensitive to the nuclear masses (unlike electronic transitions in atoms). Comparison 
between theory and experiment, either in H2

+ ou HD+, can be used to obtain a new and more 
precise determination of the proton-to-electron mass ratio mp/me [2]. Another molecule-like 
system of interest is antiprotonic helium, in which a recent laser spectroscopy experiment at 
CERN led to a new determination of the antiproton-to-electron mass ratio [3]. 
 
A few years ago, a systematic evaluation of QED corrections in three-body molecular systems 
was initiated, in collaboration with V. Korobov (JINR, Dubna, Russia). We use a perturbative 
expansion in powers of the fine structure constant α and follow the framework of 
“nonrelatvistic Quantum Electrodynamics” (NRQED), meaning that correction terms are 
expressed in terms of effective operator mean values on the nonrelativistic (Schrödinger) 
wave function. We recently evaluated the one-loop self-energy correction for the bound 
electron at order α7 [4]. The subject of the internship and thesis will be to consider two-loop 
corrections at the following order [5]. 
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