
B. L.  Roberts,  Muon Physics Working Group:NP08, 6 March  2008 - p. 1/11

μ

Lee Roberts
Department of Physics

Boston University

roberts @bu.edu

http://g2pc1.bu.edu/~roberts

Muon Physics: An Introduction



B. L.  Roberts,  Muon Physics Working Group:NP08, 6 March  2008 - p. 2/11

μMuon first observed in cosmic rays in 1933
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“a particle of uncertain nature”
Paul Kunze,

Z. Phys.  83, 1 (1933)
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μIdentified in 1936

Study of cosmic rays by 
Seth Neddermeyer and    
Carl Anderson
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μConfirmed by: Street & Stevenson, Nishina, Tekeuchi & Ichimiya
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μIt took 10 years to conclude that the 
muon interacted too weakly with matter 
to be the “Yukawa” particle which was 
postulated to carry the nuclear force
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μProperties of the Muon

• Lifetime ~2.2 μs, practically 
forever

• mμ/me = 206.768 277(24)
• produced polarized

– in-flight decay: both “forward” and 
“backward” muons are highly polarized
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μDeath of the Muon

• Decay is self analyzing

• The highest energy e± from μ± decay carry 
information in the spin direction.
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μFirst muon spin rotation experiment
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μ

The muon behaves like a heavy electron!
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μThe Muon Trio:
• Muon Magnetic Dipole Moment aμ chiral changing 

• Muon EDM
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μThe Muon Trio:
• Muon Magnetic Dipole Momoment aμ chiral changing 

• Muon EDM

• Lepton Flavor Violation
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μThe First μ-N → e-N Experiment Steinberger and Wolf

• After the discovery of the muon, it was realized it could decay into an 
electron and a photon or convert to an electron in the field of a nucleus.

• Without any flavor conservation, the expected branching fraction for 
μ+→e+γ is about 10-5.

• Steinberger and Wolf 
looked for μ-N → e-N
for the first time, 
publishing a null result 
in 1955, with a limit 

Rμe < 2 × 10-4
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μPast and Future of LFV Limits
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μSUSY connection between MDM, EDM and the 
lepton flavor violating transition moment μ → e
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μWhat have we learned from the muon thus far: 
• The strength of the weak interaction

– i.e. the Fermi constant  GF  (more properly Gμ)

• The V - A nature of the weak interaction

• Lepton flavor conservation in μ-decay

• VEV of the Higgs field:                        

• Induced form-factors in nuclear μ-capture 
especially the induced pseudoscalar coupling

• Possible evidence of new physics in aμ
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