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The Quantum Muon

µ+ µ+

Lecture 2: Muonium Stephen J. Blundell
University of Oxford

Quick recap:

Muonium is a quantum object too!

The hyperfine coupling between the muon and the electron 
entangles their spin degrees of freedom.

First, what is muonium?  What is a hyperfine interaction?
How to solve the Hamiltonian?
First, without the hyperfine interaction, then including it.

Vernon Hughes (1921-2003)



electrically neutral
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but two spins!



I have needed to exaggerate the difference between the 
muon and electron in this diagram (muon gyromagnetic 
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Hyperfine interaction in muonium

Hyperfine interaction is very weak.  As an energy, “A” is 18µeV.  As a frequency, A=4.46 GHz.

!0 = 2⇡A
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• Two of the states are simple product states

(they were in our original basis)
• The other two states are entangled
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Eigenvalues = 0.159T for vacuum muonium

Eigenstates

Gregory Breit
(1899-1981)

Isidor I. Rabi
(1898-1988)
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(with current Hamiltonian 
which has B//z)
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10 mT
!μ=1.35 MHz, !e=280.2 MHz

J. H. Brewer et al., PRL 31, 143 (1973).

Low-field limit
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KCl 1.12 T
A=4.260 GHz (~0.95 Avacuum)
B0=0.1513 T
x=B/B0=7.4025 

R. F. Kiefl et al., PRL 53, 90 (1984).

High-field limit

R. F. Kiefl et al., PRB 32, 530 (1984).

High-field limit

GaAs 1.15 T
B0=0.1024 T
x=B/B0=11.23
A=2.884 GHz 



S. F. J. Cox et al., JPCM 15, R1727 (2003).


