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Magnetism: origin
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Electron g-factor
Magnetic moment of the electron:

#»me = ge
e

2me

#»

S

Measurement vs. prediction from classical Quantum

Mechanics:

gExp
e = 2.002 319 304 361 46(58)

gQM
e = 2

Gigantic disagreement! 12
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Electron g-factor: Quantum Corrections
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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):

γ

e e

⇒ ge = 2
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Electron g-factor: Quantum Corrections

Next order (1-loop) quantum correction:

g1-loop
e ≈ 2.002 322 82

[Schwinger 1948]

Relative deviation:

a1-loop
e :=

g1-loop
e − 2

2
≈ 0.001 161 41
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Electron g-factor: Quantum Corrections

ae =

[5]
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Electron g-factor: Quantum Corrections
Quantum corrections with 2 loops:

a2-loop
e ≈ −0.000 001 772 31
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Electron g-factor

Comparison measurement vs. multi-loop prediction for ae:

aExp
e = (11 596 521 807.3± 2.8)× 10−13

aSM
e = (11 596 521 816.4± 7.7)× 10−13

Agreement within a relative uncertainty of ≈ 10−10
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Electron g-factor
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Muon g-factor
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Muon g-factor

Standard Model multi-loop prediction:

aSM
µ = (11 659 181.0± 4.3)× 10−10

aExp
µ = ?
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Measurement: Fermilab (FNAL)

[FNAL]
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Measurement: BNL

[6]
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Measurement: at Fermilab (FNAL)
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Measurement: Fermilab (FNAL)
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Measurement: Fermilab (FNAL)
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Measurement: Fermilab (FNAL)
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Measurement

Measure the deviation of the muon’s spin precession

frequency from the cyclotron frequency:

31



Measurement: Fermilab (FNAL)

Inside the ring the

muons decay:

µ+ → e+ + νe + ν̄µ

Energy of e+ depends

on muon’s spin

direction→ infer aµ

CHAPTER 3 83

where N is the total number of electrons, and A is the asymmetry, in the given data sample.
For a fixed magnetic field and muon momentum, the statistical figure of merit is NA2, the
quantity to be maximized in order to minimize the statistical uncertainty.

The energy dependencies of the numbers and asymmetries used in Equations 3.17 and
3.18, along with the figures of merit NA2, are plotted in Figures 3.6 and 3.7 for the case of
E821. The statistical power is greatest for electrons at 2.6 GeV (Figure 3.6). When a fit is
made to all electrons above a single energy threshold, the optimal threshold energy is about
1.7-1.8 GeV (Figure 3.7).

The resulting arrival-time spectrum of electrons with energy greater than 1.8 GeV from
the final E821 data run is shown in Fig. 3.8. While this plot clearly exhibits the expected
features of the five-parameter function, a least-square fit to these 3.6 billion events gives
an unacceptably large chi-square. A number of small effects must be taken into account to
obtain a reasonable fit, which will be discussed in Chapter 5.
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Figure 3.8: Histogram, modulo 100 µ s, of the number of detected electrons above 1.8 GeV
for the 2001 data set as a function of time, summed over detectors, with a least-squares fit
to the spectrum superimposed. Total number of electrons is 3.6× 109. The data are in blue,
the fit in green.
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Measurement
Experimental measurements:

aCERN
µ = (11 659 229± 81)× 10−10 (1979) [14]

aBNL
µ = (11 659 208.0± 6.3)× 10−10 (2006) [15]

aFNAL
µ = (11 659 204.0± 5.4)× 10−10 (2021) [16]

Combined:

aExp
µ = (11 659 206.1± 4.1)× 10−10 (2021) [16]
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Comparison of measurement and prediction
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Comparison of measurement and prediction
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Where does the deviation come from?

[17]

Maybe there are more particles, which we have not

observed yet?

36



Where does the deviation come from?

[17]

Maybe there are more particles, which we have not

observed yet?

36



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:

µ

H±

µ

+

µ µ

H

+

µ µ

A

38



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:
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Summary

I aµ describes the interaction strength of the muon’s

spin with a magnetic field

I aµ is governed by quantum corrections

I 4.2σ discrepancy between prediction and

measurment

⇒ hints to new, unknown particles

Let’s wait for more data!
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Backup
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Two-Higgs Doublet Model
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Minimal Supersymmetry
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Spin rotation frequencies
Lamor frequency:

ωS = −g
Qe
2m

B − (1− γ)
Qe
γm

B

Cyclotron frequency:

ωC = −Qe
γm

B

Measure difference:

ωa = ωS − ωC = −g − 2
2

Qe
m

B = −a
Qe
m

B
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