
The leading-order hadronic contribution to (g − 2)µ from
Nf = 2 + 1 + 1 twisted mass lattice QCD

Motivation

◮ anomalous magnetic moment of the muon, aµ,
serves as benchmark test of standard model of
elementary particle physics (SM)

◮ key ingredient: leading-order hadronic
vacuum-polarisation contribution ahvpµ

– intrinsically nonperturbative → lattice QCD
computation highly desirable

–must be responsible for discrepancy since
QED and weak contributions reliably
computed in perturbation theoy

– largest source of uncertainty in SM
computation [Hoecker, arXiv:1201.5093 [hep-ph], 2011]

Method

◮ twisted mass lattice regularisation of QCD:
alleviates discretisation effects by improving the
continuum limit behaviour of all physical
observables

◮ calculations based on configurations with four
dynamical quark flavours generated by
European Twisted Mass Collaboration (ETMC)

◮ computation of ahvpµ follows closely strategy of
refs. [1,2] using an improved lattice definition of
this quantity [Feng, Jansen, Petschlies, Renner, Phys. Rev. Lett. 107, 2011]

More Details

◮ ahvpµ can be computed in Euclidean
spacetime

ahvpµ = α2
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◮ΠR(Q
2) = Π(Q2) − Π(0) is renor-

malised hadronic vacuum polarisation
function

◮ can be obtained from transverse part of hadronic vacuum
polarisation tensor

Πµν(Q) =

∫

d4xeiQ·(x−y)〈J em
µ (x)J em

ν (y)〉 = (QµQν−Q2δµν)Π(Q
2)

◮ correlator of electromagnetic vector currents
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◮ on the lattice: point-split vector current → conserved, satisfies
lattice Ward-Takahashi identity ∂∗

µJ
C
µ (x) = 0

◮ to weaken quark mass dependence use redefinition

a
hvp
µ = α2
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◮H is either H = 1 (standard definition) or any hadronic scale
which can be computed at unphysical values of pion mass mPS

◮ for mPS → mπ, H → Hphys, i.e. by definition a
hvp
µ → ahvpµ

◮H = mV , mass of the ρ-meson, has proven to be especially
beneficial

Preliminary Results

◮ only mass-degenerate up and down quarks in valence sector (left
figure): value for light quark contribution to ahvpµ found for
Nf = 2 in refs. [1,2] reproduced

◮ very first lattice results worldwide for four-flavour contribution
to ahvpµ (right figure)

◮ promising prospect for future experiments

◮ full agreement with result of dispersive analysis by Benayoun,
David, DelBuono, Jegerlehner (Eur.Phys.J. C72 (2012) 1848)
found

◮ systematic uncertainties remain to be quantified
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