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Muon g-2 Experiment at Fermilab
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Six physics runs 

from 2018 to 2023

Final result released 

in June 2025

Goal: measure the muonôs 

anomalous magnetic moment to 

140 parts-per-billion

Fermilab
Batavia, Illinois, USA
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Magnetic Moments Drive Discovery

1928

Dirac

Predicts Ὣ ςfor 
spin-1/2 fermions

1947-1948

Kusch & Foley + 
Schwinger

Electron Ὣdeviates from 2 
by 0.1%;explained by 
Schwinger term; early 

triumph of QED

1997-2004

BNL E821

Muon magnetic anomaly 
tensions hint at new physics?

Proc. R. Soc. A 117, 610 (1928)
Phys. Rev. 72, 1256 (1947) 
Phys. Rev. 73, 416 (1948) Phys. Rev. Lett. 92, 161802 (2004)

https://www.g-2.bnl.gov/
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Magnetic 
anomaly
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Why study muon Ὣ ς?
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Deviationsfrom Ὣ ςprobe interactions with all sectors of the SM (and possibly beyond)

Dirac term (2)

Schwinger term

Quantum Electrodynamics (QED)

Hadronic Vacuum 
Polarization (QCD)

Hadronic Light-by-
Light (QCD)

Electroweak 
(EW)

Ὣ

?

?

New physics contributions to Ὣ
scale with άȾὓ

x40,000 sensitivity boost picking 
muon over electron
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Muon g-2 Theory Initiative
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Group of scientists working to compile all inputs to Standard Model prediction of the muon magnetic anomaly

Published White Papers in 2020 and 2025 White Paper 2020: Phys. Rept. 887 (2020) 1-166 

White Paper 2025: Phys. Rept. 1143 (2025) 1-158
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SM prediction: value & uncertainties
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Valueis dominated by QED 
Uncertainty is dominated by HVP
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History of Muon g-2 Measurements
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60+ year history of measuring ὥ
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History of Muon g-2 Measurements

Fermilab goal: 140 parts-per-billion (ppb)

Fermilab 
Goal
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We exceeded our statistics goal!

Run-1 Result
April 2021

Similar statistics as 
BNL

Phys. Rev. Lett. 126, 141801 (2021)

Run-2/3 Result
August 2023

4.6 times more data 
than Run-1

Phys. Rev. Lett. 131, 161802 (2023)

Run-4/5/6 Result
June 2025

2.6 times more data than Run-1/2/3
Phys. Rev. Lett. 135, 101802 (2025)
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The Measurement Principle
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Measure the differencebetween spin 
and cyclotron frequencies

‫ ‫ ‫ ὥ
Ὡ

ά
ὄ

Place muons in a uniform magnetic field

Measurement recipe:

Measure ‫ and magnetic field ὄ
Extract ὥ
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Storage ring technique
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‘Inject beam of polarizedmuons into 
superconducting storage ring magnet, 
1.45 T field; 3.1 GeV/c momentum

Main magnetprovides radial focusing
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The Big Move in 2013 from BNL
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Storage ring technique
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‘
Inject beam of polarizedmuons into 
superconducting storage ring magnet, 
1.45 T field; 3.1 GeV/c momentum

Main magnetprovides radial focusing

Inflector magnet provides field-free 
region during injection

Fast kicker magnets move muons 
onto central orbit

Electrostatic quadruplesprovide
vertical focusing; ƻǇŜǊŀǘŜ ŀǘ άƳŀƎƛŎέ 
momentum to mitigate electric-field 
effects
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Muon decay
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‘
Muons decay via ‘ ᴼὩ’’

We detect the inward spiraling decay 
positron

Muon spin information encoded in 
decay positron energy spectrum
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Detector systems

15

‘
Electromagnetic calorimeters

Time and energy of decay positrons measured with 
24 calorimeters

Each calo has 54 (9x6) CherenkovPbF2 crystals read 
out by SiPMs

Arrival time (~100ps), energy of e+ (~5% at 2GeV) 

Laser calibration system for gain stability

Straw trackers

Two straw trackersused to measure positron tracks

Each contains 8 modules, 4 layers of 32 straws, 50:50 
Ar:Ethane

Extrapolated tracks determine muon decay position; 
proxy for muon beam
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¢ƘŜ άƳŀǎǘŜǊέ ŦƻǊƳǳƭŀ
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What we measure

External inputs
(22 ppb uncertainty)

Precession frequency

Transient magnetic fieldsWeighted magnetic field

Electric field + vertical 
beam motion Phase changing effects 
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Magnetic field measurement
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Proton nuclear magnetic resonance (NMR) used to measure B-field

Fixed probes above/below muon storage region

‫ ᶿὄ

In-situ NMR probes calibrated to a 
water-based cylindrical probe

Absolute calibration to shielded 
protons in a spherical sample
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ἂ‫ Ὕ ὓἃρ ὄ ὄ



Sean Foster                                                                                                                  Muon g-2 Final Result

Muon distribution measured 
by trackers
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Precession frequency measurement
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Parity violation of muon decay causesshape of decay positron 

energy spectra to oscillatein time at ‫

energy threshold

Energy spectrum Time spectrum

Count number of high 
energy positrons

Oscillates in time at 
the difference 

frequency ‫
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Our data: the Wiggle Plot
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Signal is the prominent  
wiggle

Exponential decay at 
boosted muon lifetime

Size of the wiggle set by 
weak decay asymmetry 

and positron energy 
threshold

Run-пκрκс Řŀǘŀ όϤǘǿƻ ǘƘƛǊŘǎ ƻŦ CŜǊƳƛƭŀōΩǎ Řŀǘŀύ
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