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Why Muonic Atoms?
❖ Muon 200 times heavier than electron—smaller 

Bohr radius


❖ Precision probe of nuclear electroweak 
structure


❖ Possible window into new physics beyond the 
Standard Model at the precision frontier

Fig: H. Gao



Experimental Effort—Hyperfine Splitting
❖ —CREMA, FAMU, J-PARC


❖ —CREMA (Pohl et al. Science 353)


❖ —CREMA, J-PARC
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Hyperfine Splitting in Muonic Deuterium
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Uncertainties in the Polarizability Contribution
❖ (2016) Recommended value
 ❖ Reassessment in 2018

Kalinowski et al. PRA 98
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Polarizability from Two Photon Exchange
❖ HFS contained in muon spin-dependent (antisymmetric) terms
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Effective Field Theory: From the Top Down

SMEFT

LEFT

Chiral EFT

Pionless EFT

Λ ???

100 GeV

1 GeV

100 MeV

Lattice QCD

Few/many-body methods
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}
RG

Standard Model + higher dimension operators
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Chiral Effective Field Theory
❖ Extend ChPT to few-nucleon systems


❖ NN potential = sum of “irreducible” diagrams                    


❖ Ab initio program: Construct chiral potentials 
and solve many-body Schrödinger equation 

Weinberg, Entem, Machleidt, Epelbaum, Meißner…

LChEFT = L⇡ + L⇡N + LNN + · · ·
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Electromagnetic Few-body currents

Bacca et al. PRL 126

Pastore et al. PRC 90
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Deuterium Response Functions: Lamb Shift
❖ Input from chiral EFT for dispersion relations
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Two Photon Exchange Contribution to the Lamb Shift

❖ Polarizability contribution to the Lamb shift
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Towards Two Photon Exchange for the Hyperfine Splitting

❖ Lamb shift requires


❖ Need polarized response functions and different matrix element combinations


❖ Technology is mostly the same as that used in the Lamb shift

13
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Summary
❖ Disagreement in predictions of polarizability contribution to HFS—resolve with 

modern EFT techniques


❖ Effective field theory connects (beyond) Standard Model to low-energy observables


➡Systematically improvable predictions for Standard Model process in light nuclei


❖ Progress in chiral EFT for the Lamb shift in muonic deuterium is encouraging


➡Apply the same toolbox to HFS
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