Anomalous Magnetic Moment
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Modification of ¥ leads to
modification of magnetic moment



Anomalous Magnetic Moment

Define:
1
(e = 5(96 — 2)
. “Anomaly”
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Radiative
corrections to g-2

Corrections are nowadays
calculated to 4-loop level

Feynman Graphs
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til O(o4) 971

Most precise calculations:
T. Kinoshita et al.

Anomalous Magnetic Moment
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Larmor Frequency

Classical:
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Cyclotron Frequency
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Classical:
mw?r = evB B
— ewrB Electron
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w=—2D5 [Relativistic: w = iB]
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Basic |dea for Measuring Anomaly
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“lectron (g-2)-Measurement

Polarization and polarization
detection via Mott Scattering

UNPOLARIZED ELECTRONS
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[Wesley & Rich, Phys. Rev. A4, 1341]




“lectron (g-2)-Measurement

Lamor frequency equal
Spin S Cyclotron frequency:

/
Polarization stays g=2
constant |

otherwise:

Polarization depends
on number of turns

N
momentum pPe

Measure Polarization!
[Here using Mgller Scattering]



“lectron (g-2)-Measurement

Polarization and polarization
detection via Mott Scattering
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“lectron (g-2)-Measurement

Ws - Wo ~ 107 a~10%
we ~ 1010
Result: \

Determine via wp
using NMR probe
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Anomalous Magnetic Moment

- electroweak &
hadronic corrections

New physics
- enters via loops

Corrections

roportional to:
Prop mi
ANP =

2
M7

Use Muons !



Measurement
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g-2
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Muon

Brookhaven, Muon Storage Ring



Muon (g-2)-Measurement

AGS

Alternating Gradient
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Pion Production Target

Pion Decay Channel

Beam Stop

|dea: K1—K2

Store polarized muons in a storage
ring and measure spin precession
relative to cyclotron motion



Muon (g-2)-Measurement

«— 0 —>
Only forward

Life of a muon:
The g-2 Experiment
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Muon (g-2)-Measurement

Time Spectrum of single calorimeter
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Muon (g-2)-Measurement

4 Billion Positrons with E >2 GeV
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Muon (g-2)-Measurement

DEHZ (e*e -based)
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