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Muon g-2 from the theory side

Free Dirac fermions are have a gyromagnetic factor g = 2. Interactions
change this values → Study the deviation g − 2 or a = (g − 2)/2.

hadrons

For the muon, electroweak, Higgs and QCD con-
tribution are relevant.

Uncertainty dominated by the Hadron vacuum
polarization (HVP) contribution.

HVP contribution can not be determined by perturbation theory. →
Data-driven approach or lattice calculation.
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Free Dirac fermions are have a gyromagnetic factor g = 2. Interactions
change this values → Study the deviation g − 2 or a = (g − 2)/2.

hadrons

For the muon, electroweak, Higgs and QCD con-
tribution are relevant.

Uncertainty dominated by the Hadron vacuum
polarization (HVP) contribution.

HVP contribution can not be determined by perturbation theory. →
Data-driven approach or lattice calculation.

Data driven approaches rely on dispersion theory:
Express the HVP contribution in terms of the ha-
dronic R-ratio.

hadrons
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Lattice approach
In lattice QCD, euclidean space time is
discretized and quark and gluon fields are
put on the sites and links of a space-time
lattice.

Use powerfull computers to solve the
path integral numerically.

Leading HVP contribution can be written as

aLO-HVP
µ = α2

∫ ∞

0

dtK (t)G (t)

where K (t) is a known kernel and

G (t) =
1

3e2

∑
~x,µ=1,...,3

〈Jµ,t,~xJµ,0〉

Divide HVP contribution into parts:

aµ = alight
µ + astrange

µ + acharm
µ + adisc

µ + apert
µ
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Ingredients of the calculation

Key challenge: aHVP
µ has to be determined with sub percent precision.

→ All systematics must be controlled to this precision

Important ingredients of the calculation:

Setting the lattice scale
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Correcting for finite volume effects

Continuum extrapolation

Isospin breaking contributions

Noise reduction and bounding
method

Global fits and systematic error
estimation

... many more ...
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Lattice results for aµ

Strong isospin-breaking

connected light connected strange connected charm disconnected
633.7(2.1)(4.2) 53.393(89)(68) 14.6(0)(1) -13.36(1.18)(1.36)

0.11(4)

bottom; higher order;
perturbative

Etc.

Finite-size effects

disconnected
-4.67(54)(69)

1010×aμ
LO-HVP = 707.5(2.3)stat(5.0)sys[5.5]tot

QED
isospin-breaking:

valence 

Isospin symmetric

connected disconnected

connected disconnected

connected

disconnectedconnected

-0.55(15)(10)

-0.040(33)(21)

0.011(24)(14)

-1.23(40)(31)

-0.0093(86)(95)

0.37(21)(24)

6.60(63)(53)

QED
isospin-breaking:

 sea

QED
isospin-breaking:

mixed

isospin-symmetric

isospin-breaking

18.7(2.5)
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no new physics
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Comparison of Results
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Window observable

One can define a window observable where the lattice correlation
function is multiplied by a window function

W (t; t1, t2) = Θ(t; t1,∆)−θ(t, t2,∆) with θ(t; t′,∆) =
1

2
+

1

2
tanh

[
t − t′

∆

]
(t1, t2,∆) = (0.4, 1.0, 0.15) fm

200 202 204 206 208 210
[alight

, win]iso × 1010
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Aubin 19 (two finest)
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LM 20
FHM 20 (prelim., stat. err.)

ETMC 21
 QCD 22 (OV/DWF)
 QCD 22 (OV/HISQ)

ABGP 22
Mainz 22

ETMC 22 (prelim.)

R-ratio

The light, isospin symmetric
part of the window quantity is
much easier to calculate on the
lattice and is a good consisten-
cy check.

Many lattice collaborations
have calulated that value.
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