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Precision spectroscopy
of the 2S-6P transitions

) In atomic hydrogen and deuterium
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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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Hydrogen 2S; /5-6Py 5 (Hz)

Deuterium 2S; /5-6P; /o (Hz)

nuclear
N === (_ gaxcitation ) ==

Dirac (with me — Myed) 730691 021 696 054 730889842123 184
Rel. nuclear recoil 1129173 266 917
Radiative recoil 1540 771
1-loop QED
self-energy —1071679 859 —1072517882
vacuum-polarization 26 853 088 26875014
1~ vacuum-pol. 634 634
hadronic vacuum-pol. 425 425
2-loop QED —90477 —90551
3-loop QED —236 —236
Finite nuclear size
x at —885 943
x a’
x a’ —433
Nuclear polarizability
x o’ 2722
x ab
Nuclear self-energy —o84 —153
Total 730689977 771255 730888 796 074 559
Theory uncertainty 199 181
Uncert. from constants 1532 1529
Total uncertainty 1545 1539

Hydrogen 2S-6P: higher-order nuclear size effects and polarizability < 0.1 kHz
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Motivation for hydrogen and deuterium spectroscopy

Hydrogen/deuterium energy levels including QED and nuclear effects:

En = he R (_ﬁ + fnlj(a, mN) + ﬁ (ONsTN + Cpol + h.o.n.e.))
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Precise expressions as a function of theory parameters (constants)

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

Constants ¢, me/mN, .-+ from e.g. Penning traps, atom interferometry

Two constants left for us:

Rydberg constant R and RMS charge radius 7%

E need at least 2 measurements, more for tests

Measurement 1): e.g. narrow 1S-2S transition using Doppler-free two-photon
spectroscopy in hydrogen [1] and deuterium [2-3]

[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)



Considering hydrogen and deuterium separately: 1S-2S transition measurement
in hydrogen or deuterium combined with other transition measurement:

Hydrogen spectroscopy data

Rydberg constant R, - 10973731568.155 (km™')
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Rydberg constant

2S-nP spectroscopy provides test for n-dependent Rydberg constant
(undiscovered bosons can provide additional coupling between nucleus and electron)

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



