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Goal: Measure the muon magnetic moment anomaly am to 140 ppb, a fourfold     
improvement over the 540 ppb precision of Brookhaven
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Magnetic Dipole Moments
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The Magnetic Moment Anomaly
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Contributions to the Magnetic Moment Anomaly of the Muon 
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Muon g-2 Theory Initiative: Definitive Standard Model Prediction
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The Standard Model Prediction of am
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Why measure the magnetic moment anomaly of the muon?



8



9

The Big Move: From Brookhaven to Fermilab in 2013
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Transporting the Coils to Fermilab: Shut down 2 interstates!
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The new Muon g-2 Experiment at Fermilab

Goal: Measure the muon magnetic moment anomaly am to 140 ppb, a fourfold     
improvement over the 540 ppb precision of Brookhaven
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Why Fermilab? Statistics!
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How do we measure am? Overview of Measurement Technique

(B=1.45 T)
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Injecting, Kicking, and Storing the Polarized Muon Beam
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Measuring wa: Detecting the e+ from muon decay with calorimeters
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The Wiggle Plot: Extracting wa



17

Importance of Beam Dynamics: Coherent Betatron Oscillations (CBO)
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Need to know where the muon are: Straw Tracker Stations at 1800 and 2700
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Run-1 Challenge: Phase Acceptance Correction: Cpa
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Incorporating beam dynamics, detector effects, muon losses, fit function becomes: 

Residuals now
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Detour back in time: Importance of Magnetic Field Homogeneity 
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Measuring the Magnetic Field B using Pulsed Proton NMR  in Water
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Mapping the field in the storage volume every 3 days with the trolley: 



24

During Muon Storage: track the field with the fixed probes 

Fixed Probes
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The Absolute Calibration Probe (CP) and Calibrating the Trolley
MRI Test Magnet at ANL 1.45 T
Highly uniform: few ppb/mm 

Highly stable: 10 ppb/hr

Calibration Probe

Trolley Probes
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Largest Field Systematic Uncertainty: Field Transients from the Electrostatic Quads: Bq
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• When muons injected, electrostatic quads are pulsed 

• Impulse causes motion of quad plates

• Moving conductor in B →magnetic field perturbation 

• Not seen by trolley

• Seen by fixed probes but attenuated, phase shifted

• Must measure separately

• Inserted NMR probes between pulsing quads 
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Table of Muon g-2 Run-1 Statistical and Systematic Uncertainties 



28

Ready to Unblind

Clock stability monitored weekly by non-collaborators
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Final Result: Run-1 Muon g-2

Significance: 4.2σ
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What about the BMW20 Result? (Sz. Borsanyi et al., Nature 593, 51-55, Apr 7, 2021)

BMW 2020

M. Ce et al., (Mainz) arXiv:2206.06582v1



31

Summary, Future Prospects


