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Muon g-2 Measurement (April 2021)

magnetic moment:

spin ½ pointlike particle:

Fermilab Run 1

enhanced by quantum-loop-level processes!
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How It’s Done

● We trap polarized muon bunches in a 
magnetic field & watch spin 
precession

● Precession speed depends only* on 
dipole moment & magnetic field

● Very clean: measuring g-factor to 
high precision depends only on these 
two factors
– B field strength

– spin precession frequency

● Same lesson is true in more complex 
treatments: this is how we squeeze 
more precision out of the 
measurement
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The Muon Storage Ring
● Over the years the CERN experiment 

developed a new design linking spin 
precession & momentum

– dynamically store muon bunches 
(cyclotron)

– Larmor & Thomas precession, minus 
cyclotron frequency → aμ!

observe ~150-160 spin 
precession periods

measure frequency 
difference ω

a
 = ω

s
 - ω

c

Observed frequency difference is 
proportional to anomalous factor aμ!

Inject muons into ‘ring’ 
& trap with dipole field
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(ESQs)

‘magic momentum’ 
cancellation (ϒ~29.3)
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Slow but Steady Progress
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Precision Monitoring (<100ppb)
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Observing the Spin Precession

CM Frame
parity-violation in muon decay 

gives                

Lab Frame
forward momentum (& energy) 
oscillate with spin precession

μ e Positrons spiral inward (B field)
Calorimeters see energy oscillation
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Data Analysis
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The Run 1 aμ Result
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