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What is-a magnetic moment...

« Magnetic moment couples to magnetic
field in Hamiltonian

« For elementary particles, magnetic
moment is proportional to spin

» Leads to splitting between spin states
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What is-a magnetic moment...

* The spin of a free particle in a magnetic

field will precess

as _ i X B
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~.andwhyisitanomalous?

« Dirac equation leads to

g=2
* Higher order terms lead to ] ;
g=2(1+a)
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.andwhyisitanomalous?
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~.andwhyisitanomalous?
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Why-the - muon?

Why not the electron? Electron anomalous moment known to 240 ppt...
- Sensitivity to heavy physics goes as mass of probe squared (m /m,)*~10*
» Electroweak contributions are 26 ppt for electron, and 1.3 ppm for muon
* New effects not observable in electrons

Why not the tau? It's even heavier...

« Low production cross section, short lifetime
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Some terms are sensitive to lots of physics
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The muon-anomalous magnetic moment

Dirac HO QED Weak

g = 2.002 331 841 78 (126)

Schwinger Hadronic
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The muonanomalous magnetic moment

Contribution Value Error Equation References
QED incl. 4-loops+LO 5-loops 116584 718.1 0.2 (99) [317]
Leading hadronic vacuum polarization 6903.0 52.6 (113) [174]
Subleading hadronic vacuum polarization -100.3 1.1 (139) [160]
Hadronic light—by-light 116.0 39.0 (200) [318]
Weak incl. 2-loops 153.2 1.8 (245) [319]
Theory 116 591 790.0 64.6 —

Experiment 116592080.0 63.0  (41) (02]
Exp. - The. 3.2 standard deviations 290.0 90.3
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Comparison to experiment
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The measurements

Storage
Ring
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The measurements

e Simultaneous measurements of the
anomaly frequency and the magnetic
field are necessary

» vy = 29.3 cancels electric field term
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Intensity frontier

* Problem: Previous experiment at Brookhaven was statistics limited

* Solution: More muons!

 Muons are focused in the ring by combination of magnetic field and electric

guadrupoles
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Precision fields store muon-beam
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Calorimeters track- muon spin precession

« Parity violation in weak interactions
means higher energy daughter

electrons are (anti)aligned with the

) ————
muon spin “%—pﬂ

N ————
* Measuring highest energy decays Pv, *i% 8 P
indirectly measures muon spin Svu
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Calorimeters track muon spin precession
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Calorimeters track- muon spin precession

« Parity violation in weak interactions
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means higher energy daughter
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Conclusion
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