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A measurement of the positive muon  
anomalous magnetic moment to 127 ppb
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The anomalous magnetic moment of the muon …

… provides its most accurate measurement. 

Characteristic frequencies for muons in  and  fields 

non-relativistic situation:  

⃗E ⃗B

Cyclotron frequency 
Rotation of momentum vector

Larmor frequency 
Precession of spin vector

The anomalous spin precession frequency ⃗ω a = ⃗ω s − ⃗ω c

Non-relativistic limit

Vertical muon motion 
“pitch correction”

Motional magnetic field 
“E-field correction”

The Muon g-2 experiment at Fermilab …

… is one of the most precise SM predictions.

⃗ω c =
e

mμ

⃗B

The Standard Model (SM) of Particle Physics predicts

aμ =
gμ − 2

2
= aQED + aweak + ahad

Prediction of  has contributions from all known interactions. 
Uncertainty dominated by the hadronic physics contributions.

aμ

Quantum electro- 
dynamics

Electroweak  
interaction

Hadronic physics

Determining the anomalous  
spin precession frequency…

… from all run periods and settings 
results in the most precise value:

Reference: [1] B. Abi et al., Physical Review Letters, 126, 141801, 2021  
                   [2] D. Aguillard et al., arXiv:2506.03069 
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Pitch correction E-field correction

⃗ω a =
e
m [aμ

⃗B − aμ ( γ
γ + 1 ) ( ⃗β ⋅ ⃗B ) ⃗β − (aμ −

1
γ2 − 1 ) ⃗β × ⃗E

c ]

⃗B

⃗p

Effect of  encoded in count rate of high-energy decay positrons!ωa
Largest corrections due to complex beam dynamics:

The magnetic field was determined with an uncertainty of 48 ppb. 

… combined with the magnetic field  
and beam dynamics measurements…

For decades a tension between the experimental results and the theoretical 
predictions has been driving the development of novel and innovative 

techniques to achieve unprecedented precision on both sides, 
experiment and theory!
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We present the first results of the Fermilab Muon g�2 Experiment for the positive muon magnetic
anomaly aµ ⌘ (gµ � 2)/2. The anomaly is determined from the precision measurements of two
angular frequencies. Intensity variation of high-energy positrons from muon decays directly encodes
the di↵erence frequency !a between the spin-precession and cyclotron frequencies for polarized
muons in a magnetic storage ring. The storage ring magnetic field is measured using nuclear magnetic
resonance probes calibrated in terms of the equivalent proton spin precession frequency !̃

0
p in a

spherical water sample at 34.7�C. The ratio !a/!̃
0
p, together with known fundamental constants,

determines aµ(FNAL) = 116 592 040(54)⇥ 10�11 (0.46 ppm). The result is 3.3 standard deviations
greater than the Standard Model prediction and is in excellent agreement with the previous BNL
E821 measurement. After combination with previous measurements of both µ

+ and µ
�, the new

experimental average of aµ(Exp) = 116 592 061(41)⇥10�11 (0.35 ppm) increases the tension between
experiment and theory to 4.2 standard deviations.

INTRODUCTION

The magnetic moments of the electron and muon

~µ` = g`

✓
q

2m`

◆
~s where g` = 2(1 + a`),

(` = e, µ) have played an important role in the develop-
ment of the Standard Model (SM). One of the triumphs
of the Dirac equation [1] was its prediction for the elec-
tron that ge = 2. Motivated in part by anomalies in
the hyperfine structure of hydrogen [2, 3], Schwinger [4]
proposed an additional contribution to the electron mag-
netic moment from a radiative correction, predicting the
anomaly [5] ae = ↵/2⇡ ' 0.00116 in agreement with
experiment [6].

The first muon spin rotation experiment that observed
parity violation in muon decay [7] determined that, to
within 10%, gµ = 2, which was subsequently measured
with higher precision [8]. A more precise experiment [9]
confirmed Schwinger’s prediction for the muon anomaly
and thereby established for the first time the notion that
a muon behaved like a heavy electron in a magnetic field.
This evidence, combined with the discovery of the muon
neutrino [10], pointed to the generational structure of the

FIG. 1. Feynman diagrams of representative SM contribu-
tions to the muon anomaly. From left to right: first-order
QED and weak processes, leading-order hadronic (H) vacuum
polarization and hadronic light-by-light contributions.

SM.

The SM contributions to the muon anomaly, as illus-
trated in Fig. 1, include electromagnetic, strong, and
weak interactions that arise from virtual e↵ects involv-
ing photons, leptons, hadrons, and the W , Z, and Higgs
bosons [11]. Recently, the international theory com-
munity published a comprehensive(Note:[12]) SM pre-
diction [13] for the muon anomaly, finding aµ(SM) =
116 591 810(43)⇥ 10�11 (0.37 ppm). It is based on state-
of-the-art evaluations of the contributions from QED to
tenth order [14, 15], hadronic vacuum polarization [16–
22], hadronic light-by-light [11, 23–36], and electroweak
processes [37–41].
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[1]

Run 4/5/6 dataset

Run 5xyRF dataset

Decay positron 
detectors

“Magic momentum” muons pμ = 3.094 GeV/c

14-m diameter superconducting magnet with  
high-precision vertical B=1.45 T field

1165920.912(629) × 10−9 540 ppb

1165920.506(539) × 10−9 460 ppb

1165920.701(253) × 10−9 210 ppb

1165920.711(162) × 10−9 139 ppb

1165920.705(148) × 10−9 127 ppb

1165920.715(145) × 10−9 124 ppb

aμ = 1165920.705(148) × 10−9

The achieved 127 ppb uncertainty  
surpasses the original target  

uncertainty of 140 ppb.

aμ ⋅ 109 − 1165900
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