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Quantum electrodynamics tests in
atomic systems: open questions FAIR

2"d order QED contributions

Proton radius puzzle
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Hyperfine structure of H- and Li-like Bismuth
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Atomic Physics In FAIR
Extremely Strong Coulomb Fields \
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Atomic structure of H-like ions F-“R

é QED corrections )

--------- Dirac theory 2Py AE ~ Z4/n3
Z: nuclear charge
2s Lamb shift { 2p.1, n: principal quantum number

\_ Important for s-states )

~73 keV Two-loop QED In Uranium

~1 eV %

Self Energy
355.0 eV

Nuclear size
198.7 eV

Spectroscopy of “hi-energy” X
rays (60-100 keV) @

Vacuum

Polarization
-88.6 eV
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Atomic structure of He-like ions F-“R

1 -
45 keV Jsgp 351 Two-loop QED
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152s3S, 1s2p 3P,

Two-electron QED
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Spectroscopy of “low-energy”
X rays (few keVs)
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Experiments at the gas jet-target FAIR

¥ B =0.02-0.15

B=0.1-0.7

Detector
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Atomic structure of H-like ions F-\|R

é QED corrections )

--------- Dirac theory 2Py AE ~ Z4/n3
Z: nuclear charge
2s Lamb shift { 2p.1, n: principal quantum number
\_ Important for s-states )
~73 keV Two-loop QED In Uranium

~1 eV %

Self Energy
355.0 eV

Nuclear size
198.7 eV

Measured with a Ge detectors in U @ESR cooler

O

Lamb shift (exp) = 460.2 £ 4.6 eV Vacuum

Theory 2 463.99 £ 0.39 eV Polarization

A. Gumberidze et al., Phys. Rev. Lett. 94, 223001-4 (2005). -88.6 eV

16 May 2017 M. Trassinelli for SPARC \\ 7



Towards an accuracy of 1 eV of the
1s level Lamb shift

FAIR
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Crystal spectroscopy
Res: ~50 eV at 60 keV € = 10
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Ge(i) detector
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Microcalorimeters
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Towards an accuracy of 1 eV of the FAIR
1s level Lamb shift \
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Towards an accuracy of 1 eV of the FAIR
1s level Lamb shift \

New proposal for FAIR phase 0 2018-19 Two-loop QED

Accuracy goal < 0.5 eV ~1 eV 3%
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Atomic structure of He-like ions F-\|R

152p 1P
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M.T. et al., Eur. Phys. Lett. 87, 63001 (2009)
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Atomic structure of He-like ions F-\|R
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Atomic structure of He-like ions F-“R
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Supercritical fields FAIR

Dirac equation: £, = mc” \/1 — (ZO{)2
Z > 1/o. = 137 - electron/positron pair creation
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Supercritical fields FAIR

Dirac equation: £, = mc” \/1 — (ZO{)2
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Supercritical Fields: FAIR
formation of super heavy quasi-molecules

Slow ion — ion collision
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First steps to supercritical fields FAIR

Particle
detector
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First steps to supercritical fields FAIR
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Experiments at the Jet-target FAIR

% Eyn=0.3-15 MeV/u
¢ B=0.02-0.15

ESR

;;;;;

B=0.1-0.7 o
Much more adapted to produce
quasi-molecular states (~5 MeV/u)

Detector Gas jet

New experiments coming at

54+
Xe CRYRING@FAIR

50 MeV/u

Particle
detector

+ FISIC?
Real ion—ion collisions !!
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Quantum electrodynamics tests in FAIR
atomic systems \

« Tests of QED at strong-coupling regime
In H- and He-like ions

« Tests of QED at supercritical regime in quasi-molecules

New experiments at FAIR!!
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Thank you !!
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