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Electron g-factor

Magnetic moment of the electron:
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Measurement vs. prediction from classical Quantum

Mechanics:

£ — 2.002319304 361 46(58)



Electron g-factor

Magnetic moment of the electron:
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Measurement vs. prediction from classical Quantum

Mechanics:

E® _ 2002319304 361 46(58)
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Gigantic disagreement!
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13



Electron g-factor: Quantum Corrections

13



The Standard Model of Particle Physics
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Electron g-factor: Quantum Corrections

Direct interaction of an electron with a magnetic field

(mediated by a photon):

Y
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Electron g-factor: Quantum Corrections

Next order (1-loop) quantum correction:

ﬁj?éw_/f‘ 1100P ~ 2,002 322 82

[Schwinger 1948]

Relative deviation:

1-loop 2

al*® ;= ==~ 0.001 16141



Electron g-factor: Quantum Corrections
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Electron g-factor: Quantum Corrections

Quantum corrections with 2 loops:
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Electron g-factor

Comparison measurement vs. multi-loop prediction for a,:

ac® = (11596521807.3 £2.8) x 102
= (11596521816.4 +7.7) x 107



Electron g-factor

Comparison measurement vs. multi-loop prediction for a,:

ac® = (11596521807.3 £2.8) x 102
= (11596521816.4 +7.7) x 107

Agreement within a relative uncertainty of ~ 10 '°



Electron g-factor
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Muon g-factor
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Muon g-factor

Standard Model multi-loop prediction:

a! =(11659181.0+4.3) x 107 '°

Exp _ 7
a# = !



Measurement: Fermilab (FNAL)
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Measurement: BNL




Measurement: at Fermilab (FNAL)
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Measurement: at Fermilab (FNAL)
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Measurement: at Fermilab (FNAL)
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Measurement: Fermilab (FNAL)
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https://youtu.be/rGLpMigWIIs

Measurement: Fermilab (FNAL)




Measurement: Fermilab (FNAL)
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Measurement

Measure the deviation of the muon’s spin precession

frequency from the cyclotron frequency:
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Measurement: Fermilab (FNAL)

Inside the ring the

muons decay:
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Measurement

Experimental measurements:

aFiN — (11659229 + 81) x 107 1°

i

&N = (11659208.0 + 6.3) x 10~1°

u

a M =(11659204.0+54) x 107°

Combined:

a;® =(11659206.1 £4.1) x 10~ 1°

(1979) [14]
(2006) [15]
(2021) [16]

(2021) [16]



Comparison of measurement and prediction

CERN
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Comparison of measurement and prediction
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Where does the deviation come from?
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Where does the deviation come from?

[17]

Maybe there are more particles, which we have not

observed yet?
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Where does the deviation come from?
Maybe there are more Higgs bosons?
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Two-Higgs Doublet Model

New quantum corrections in the 2HDM with 1 loop:




Minimal Supersymmetry

Maybe there is a spin-partner for each particle?
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Minimal Supersymmetry

New quantum corrections in the Minimal Supersymmetric
Standard Model (MSSM) with 1 loop:




Summary

» a, describes the interaction strength of the muon’s

spin with a magnetic field
» a, is governed by quantum corrections

» 4.20 discrepancy between prediction and

measurment

= hints to new, unknown particles

Let’'s wait for more data!
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Two-Higgs Doublet Model
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Minimal Supersymmetry
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Spin rotation frequencies

Lamor frequency:
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