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Lamb shift: large and small Z
Muon decay in orbit and μe conversion
Positronium: hyperfine splitting

– g factor of a bound electron
Loops in few-body systems : He, Ps2, Ps-
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with Kirill Melnikov

Shabaev et al.: Lamb 
shift 
to all orders in Zα



 

Muon decay in orbit
and searches for

lepton flavor violation



 

Muon decay to an electron and photon, μ  eγ 

Until recently (MEGA @ Los Alamos):

New bound (MEG @ Paul Scherrer Institute)

Phys. Rev. D 65, 113004 

    Note: unusual QED suppression ~15% (large log of the new physics scale Λ)



 

Muon-electron conversion

Variety of mechanisms:

“The best rare process”
No accidental bkgd 
(single monochromatic e-);
10-17 sensitivity envisioned



 

Background from the standard muon decay

electronneutrinos



 

Background from the standard muon decay



 

End point spectrum must be well understood



 

End point spectrum

Previous studies: Shanker & Roy, Hänggi et al., Herzog & Alder

Relativistic muon wave function, nuclear size and recoil, electron
final state interactions: all taken into account.

New evaluation: AC, X. Garcia i Tormo, W. J. Marciano 

Planned energy resolution in Mu2e: ~250 keV  0.22 background events.

PRD84,013006,2011



 

How can the electron get muon’s whole energy?

Neutrinos get no energy;
The nucleus balances electron’s momentum, takes no energy.
Near the end point:



 

Next step: radiative corrections to the 
electron spectrum

Competing effects:
- vacuum polarization in the hard photon; and
- self-energy and real radiation

Ultimate goal: smooth matching of various regions,
from the bound electron at low energy, to the end-point.



 



 



 



 



 

Kniehl & Penin



 

New experiment aims at direct transition



 

Previous experiments: used para-ortho mixing

This splitting proportional
to electron's g-factor,
in the bound state



 



 



 



 

0.6 ppb



 

Few-body systems: antiprotonic helium
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Long lived Rydberg atoms:
no overlap with nucleus
electron protects against other atoms



 



 



 



 



 



 

Summary

Low energy studies require (and test) precise predictions.
Here we have reviewed
* decays of bound muons;
* positronium HFS; effect of binding on the g-factor;
* Lamb shift;
* and few-body systems.
Each area needs improvements of its theory.  Each has a vigorous 

experimental activity.



Two-loop corrections to heavy quark decays

Zero recoil line

q – quark mass mc/mb
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This program was
extended to 
the muon decay 
with Alexey Pak,
and later also with
Matt Dowling
and Jan Piclum



New proton radius from muonic-H (PSI)
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