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Hydrogen and deuterium energy levels theory

Hydrogen/deuterium energy levels based on bound-state Quantum Electrodynamics:
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Hydrogen and deuterium energy levels theory

Hydrogen/deuterium energy levels based on bound-state Quantum Electrodynamics:
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+ other terms + higher order nuclear effects (h.o.n.e.) 

QED effects with point-like nucleus

1st order elastic effect 1st order inelastic

Nuclear effects
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H 2S-6P vs D 2S-6P: contributions to transition frequency

Hydrogen 2S-6P: higher-order nuclear size effects and polarizability < 0.1 kHz 

Deuterium 2S-6P: higher-order nuclear size 0.4 kHz, polarizability 2.7 kHz  
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Motivation for hydrogen and deuterium spectroscopy

Hydrogen/deuterium energy levels including QED and nuclear effects:

Motivation: metrology, test QED and consistency of Standard Model, nuclear physics

Precise expressions as a function of theory parameters (constants)

[1] C. G. Parthey et al., PRL 107, 203001 (2011); [2] C. G. Parthey et al., PRL 104, 233001 (2011); [3] R. Pohl et al., Metrologia 54, L1 (2017)

Measurement 1): e.g. narrow 1S-2S transition using Doppler-free two-photon 

spectroscopy in hydrogen [1] and deuterium [2-3]

Ễ need at least 2 measurements, more for tests

Two constants left for us:

Rydberg constant and RMS charge radius

Constants from e.g. Penning traps, atom interferometry
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Hydrogen and deuterium spectroscopy data overview

Considering hydrogen and deuterium separately: 1S-2S transition measurement

in hydrogen or deuterium combined with other transition measurement:
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āNew Physicsó?

Rydberg constant

Speculation about ónew physicsô in the recent paper of 2S-8D measurement [1]: 

[1] A. D. Brandt et al., PRL 128, 023001 (2022)

Principal quantum

number

2S-nP spectroscopy provides test for n-dependent Rydberg constant

(undiscovered bosons can provide additional coupling between nucleus and electron)

modified Coulomb potential:


