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Particles that satisfy the Dirac equation have magnetic moment, μ (~1928) 

Anomalous magnetic moment 

where g = 2

Schwinger proposed μ might be 
affected by loop diagram correction. 
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Electron magnetic moment 
al represents the anomalous 
magnetic moment. 

ae was proposed by Schwinger in 1947 and confirmed by experiment in 1948!  

As a heavier cousin of electron, aμ is also expected and confirmed in 1959! 
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Muon vs electron 

aμ includes larger contribution from electroweak 
interactions and hadronic interactions. 

Similarly, aμ might be more susceptible to heavy 
BSM virtual particles as well! 
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Precise aμ for BSM 
Very precise theoretical prediction: 

aμ (SM) = 116591819(43) X 10-11 (0.37 ppm)

Very precise experimental measurements as well: 

In 2006, the BNL aμ measurements differed from aμ
(SM) by 3.7 σ. 
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B field 

 μ+ in B field 
μ+ in the B field undergoes the cyclotron motion: 

μ+ intrinsic spin precesses around B:   

The difference, anomalous precession frequency, encodes aμ: 
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Finding aμ from ωa

B field is measured using Larmor precession of proton: 

To reduce uncertainties, replace gp/mp 
by electron magnetic moment 
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Measuring ωa by counting e+

Almost all μ+ goes to e+ What can we know about μ+ 
from e+? 
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Measuring ωa by counting e+

● Emitted e+ energy is correlated 
with μ+ spin. 

High energy positions are emitted 
along the muon spin direction. 

● Emitted e+ energy is also correlated 
with μ+ momentum. 

○ High energy e+ must be emitted 
along boosted μ+ direction. 
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Measuring ωa by counting e+

The number of detected e+, above Eth as a function of t into the muon fill: 

- Each fill: ~700 μs 
- γτμ ~ 64.4, γ ~ 29.3 

- ωa/2π ~ 2.29 x 105 Hz 

- Run 1: ~ 1 x 109 counts 
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Fermi lab muon campus 

Protons: produced from H+ in Linac; 
accelerated in Booster, Recycler
Pions: produced when protons hit AP0 
(nickel alloy target)
π+: along with other positive particles 
selected by lithium lens, 
~3.11 GeV π+: along with similar positive 
particles, selected by a pulsed magnet
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Producing μ+
~3. 11 GeV π+: enters the delivery ring, 
where it decays 
~3.1 GeV μ+: selected out of heavier 
proton in the delivery ring 

Polarization: spin anti-parallel to 
momentum (LH)
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Storing μ+ 

Inflector: bend the  μ+ beam into the 
storage ring orbit 
Kicker: further shifts the μ+ into the ring 
orbit as they first enter
Quadruples: focus the beam  
 

R ~ 7.1 m 
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Storing μ+ 

Aperture: 45 mm
Magnetic field: ~ 1.45 T, 
created by superconducting coil 
and steel yoke 
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Detecting e+ 

Caloritmers: 6 x 9 PbF2 crystals at 1 station; 24 stations 
around the ring 
PbF2 crystals: positron hits the crystal and creates 
Cherenkov light 
Silicon photomultiplier (SiPM): read out the light as 
voltage pulses, which can be converted to positron 
energy and arrival time 
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Final results 

Run 1: 3 months in 2018
Run 2, 3 analysis ongoing: aiming ~ 70 ppb 
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● aμ might be more susceptible to heavy virtual particle interaction due to large 
muon mass 

● The number of e+ from muon decay with E > Eth is modulated by anomalous 
muon precession frequency. 

● Fermi lab muons are created from π+ decay; positrons are observed from 
Cherokov lights 

● The difference, aμ(Exp) - aμ(SM), has a significance of 4.2σ. 

Recap 
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● Latest result: 
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.141801
○ With references to theoretical backgrounds and previous experiments 

● PhD thesis for understanding more details: 
○ https://lss.fnal.gov/archive/thesis/2000/fermilab-thesis-2020-02.pdf
○ https://open.bu.edu/handle/2144/39892 

● Detailed TDR: 
○ https://arxiv.org/pdf/1501.06858.pdf 
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