
Hadronic corrections to the muon magnetic moment

The anomalous magnetic moment of the
muon aµ has been measured ever more pre-
cisely over the last half century. Each ad-
vance in the experimental precision probes
the details of the Standard Model (SM) more
deeply. The most recent measurement at
BNL reached a precision of 0.5 ppm. At this
accuracy, the effects of virtual hadrons inside
of the muon must be included and are, in
fact, the dominant source of error in the SM
prediction of aµ. They are nonperturbative
and have, until recently, not been amenable
to theoretical calculation. Instead, they are
estimated from a compilation of many sepa-
rate experimental measurements. Thus the
SM prediction is far from a clean theoretical
determination. This is increasingly relevant
because the discrepancy between the exper-
imentally measured and theoretically calcu-
lated values for aµ is now larger than 3 σ,
raising the prospect of discovering physics be-
yond the SM. An upcoming experiment at
FNAL will reduce the experimental error to
nearly 0.1 ppm. A similar improvement for
the theoretical computation is needed to fully
capitalize on the new experiment and shed
light on any possible new physics.

Lattice QCD is the only known method
for performing first-principles nonperturba-
tive calculations of hadronic effects. The
computation of the leading hadronic contri-
bution to aµ, denoted aqcd

µ , had previously
been attempted using lattice QCD. However,
computing aqcd

µ proved to be too difficult for
the existing methods. We have since devised
a new technique [1] that has allowed us to
reliably compute aqcd

µ . Ultimately, the new
method boils down to a careful understand-
ing of dimensional analysis. Despite the sim-
plicity, the new approach has had a signifi-
cant impact on our ability to calculate aqcd

µ

and was awarded the inaugural Ken Wilson
Lattice Award in 2011.
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Figure 1: Two-flavor lattice QCD calcula-
tion of aqcd

µ . Calculations are performed with
quark masses, equivalently, pion masses mπ

too large. The physical limit is reached when
mπ takes its physical value, denoted by the
dotted vertical line. Additionally, multiple
lattice spacings and volumes are used to con-
trol all sources of error. The experimental
value denotes the estimated two-flavor contri-
bution to the measured correction currently
used to form the SM prediction for aµ.

Our initial work, shown in the figure above,
accounted for the effects of only the lightest
two quarks but clearly demonstrated the ad-
vantages of our method. A calculation includ-
ing the lightest four quarks is now underway
and the preliminary results are very promis-
ing. We expect to ultimately provide a fully
nonperturbative determination of aqcd

µ with
sufficient accuracy to match the future FNAL
experiment and to help determine whether
physics beyond the SM is responsible for the
current 3 σ discrepancy in aµ.
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