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First Muon g-2 Results

Muon g-2: FNAL confirms BNL
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First Muon g-2 Results

Muon g-2 in the SM: HVP

Data-driven (error ~ 0.3 ppm of         )

Lattice (error ~ 1.6 ppm of          )

● Cross section data consistently combined 
and input into dispersion integral:

● Several groups have achieved this.

Recommended Muon g-2 TI value from 
data-driven result:

● Uncertainties dominated by finite volume, 
discretisation and isospin breaking 
systematics.

● Hadronic Vacuum Polarisation - hadronic blob coupled to 2 photons.
● Two-point function - in principle, much easier than HLbL.
● Most precisely calculated from e+e- → hadrons cross section data.
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First Muon g-2 Results

The LO hadronic contribution
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First Muon g-2 Results

Low energy hadronic cross section
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First Muon g-2 Results

Muon g-2: the discrepancy
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First Muon g-2 Results

Hadronic cross section data
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First Muon g-2 Results

Muon g-2 and 𝛥𝛼
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Note the very different 
energy-dependent weighting 

of the integrands…

Use precise and up-to-date compilation of total hadronic cross section from KNT 
Keshavarzi, Nomura and Teubner, Phys.Rev.D 101 (2020) 014029, arXiv:1911.00367

@AlexKeshavarzi

Marciano, Passera and Sirlin
Phys. Rev. D 78 (2008) 013009



First Muon g-2 Results

Muon g-2: connection with the SM Higgs
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Using Gfitter



First Muon g-2 Results

Muon g-2: connection with the SM Higgs
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First Muon g-2 Results

How large are the required shifts?
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First Muon g-2 Results

𝒂𝝁 ↔ 𝚫𝜶: recent related literature
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First Muon g-2 Results

Conclusions
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• Fermilab’s Muon g-2 Experiment has confirmed BNL’s result: the 
discrepancy between experiment and SM increases to 4.2𝜎.

• The BMWc lattice QCD result weakens the exp-SM discrepancy. It must 
be confirmed or refuted by other lattice calculations.

• Both the hadronic contributions to the muon g-2 and the running QED 
coupling depend on the measured hadronic cross section.

• This connection between g-2 and 𝛥𝛼 allows the impact of the muon g-2 
discrepancy on the EW fit to be explored.

• Increases to the hadronic cross section to solve muon g-2 discrepancy 
affect the predictions of EW precision observables.

• This study excludes shifts to hadronic cross section above 0.7 GeV to 
bridge muon g-2 discrepancy.

• However, the required shifts to the hadronic cross section below 0.7 GeV 
are large and unlikely.
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First Muon g-2 Results

Backups
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First Muon g-2 Results

Magnetic moments
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The muon has an intrinsic magnetic moment that is coupled to its spin 
via the gyromagnetic ratio g:

Magnetic moment (spin) interacts with external B-fields

Makes spin precess at frequency determined by g
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First Muon g-2 Results

Muon g-2 Theory

TAU21: 29/09/2021 16

The Muon g-2 Theory Initiative
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First Muon g-2 Results

Muon g-2 in the SM
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● aµ arises due to quantum corrections / higher order interactions / loop contributions 

● All SM particles contribute → Calculate and sum all sectors of the SM:
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First Muon g-2 Results

Muon g-2 in the SM: QED
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First Muon g-2 Results

Muon g-2 in the SM: EW

TAU21: 29/09/2021 19Muon g-2 and 𝛥𝛼 connection @AlexKeshavarzi



First Muon g-2 Results

Muon g-2 in the SM: HLbL
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Data-driven (error ~ 0.2 ppm of         )

Lattice (error ~ 0.3 ppm of         )

● Model-independent dispersive evaluation, 
using data (e.g. π, η, η’ TFFs) as input for 
hadronic insertions.

● Model-independent evaluation, computed 
on discretized Euclidean spacetime 
(lattice) in finite volume.

● HLbL scattering - hadronic blob coupled to 3 off-shell/1 on-shell photon.
● Four point function - notoriously difficult to calculate.
● Previously only calculated from models with large systematics.

Recommended Muon g-2 
TI result (before Mainz):

Improved, but still evolving. 
Still systematics dominated 

(goal < 10% uncertainty)
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First Muon g-2 Results

Muon g-2: NLO HVP 
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First Muon g-2 Results

Muon g-2 in the SM and Outlook
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Muon g-2 theory initiative recommended result:

Results in 3.7σ discrepancy when compared to BNL 
measurement.

Muon g-2 and 𝛥𝛼 connection @AlexKeshavarzi



First Muon g-2 Results

Muon g-2: connection with the SM Higgs
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First Muon g-2 Results

Muon g-2: connection with EW sector
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- Shift KNT hadronic cross section in fully energy-dependent (point-like and binned) 
analysis to account for Δ𝑎!.

- Input new values of Δ𝛼 into Gfitter to predict EW observables.
- Analysis greatly constrained from precise EW observables measurements and 

comprehensive hadronic cross section data.

𝑀! sin" 𝜃#$$
%#&
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First Muon g-2 Results

Muon g-2: connection with SM Higgs
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First Muon g-2 Results

Electron g-2
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First Muon g-2 Results

Electron g-2
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First Muon g-2 Results

Electron g-2: new physics
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First Muon g-2 Results

Shift of electron g-2

TAU21: 29/09/2021: 32Muon g-2 and 𝛥𝛼 connection @AlexKeshavarzi



First Muon g-2 Results TAU21: 29/09/2021: 33Muon g-2 and 𝛥𝛼 connection @AlexKeshavarzi


