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High-precision calculation of the strange
nucleon electromagnetic form factors†

J. Green,∗1 S. Meinel,∗2,∗3 M. Engelhardt,∗4 S. Krieg,∗5,∗6 J. Laeuchli,∗7 J. Negele,∗8 K. Orginos,∗9,∗10

A. Pochinsky,∗8 and S. Syritsyn∗2

The nucleon electromagnetic form factors describe
how electric charge and current are distributed inside
protons and neutrons. Protons and neutrons primar-
ily contain up and down quarks, but virtual strange-
anti-strange quark pairs also give minute contributions
to the form factors. Isolating these contributions has
been a long-standing challenge for experiment and the-
ory. The strange electromagnetic form factors, Gs

E and
Gs

M , can be accessed in elastic electron-proton scat-
tering by analyzing the small parity-violating effects
arising from Z-boson exchange. The available exper-
imental results, which focus on momentum transfers
Q2 in the vicinity of 0.2GeV2, are consistent with zero
but constrain the relative contribution of the strange
quarks to be within a few percent1).
Ab-initio calculations of Gs

E and Gs
M are possible

using lattice QCD. This is a formidable task because
it requires the computation of quark-disconnected dia-
grams, which are very noisy. The noise originates both
from the gauge-field fluctuations of the QCD path inte-
gral, and from the stochastic methods needed to eval-
uate the disconnected quark loops. In this work, we
performed a lattice QCD calculation of the strange nu-
cleon electromagnetic form factors using a novel vari-
ance reduction method called hierarchical probing2).
Our lattice results for Gs

E and Gs
M , along with model-

independent fits using the z expansion, are shown in
Fig. 1. This is the first time that both Gs

E and Gs
M are

resolved from zero with high significance. In addition,
our calculation was performed in a larger lattice vol-
ume and at a closer-to-physical light-quark mass (cor-
responding to mπ = 317 MeV) than previous work.
From the z-expansion fits of the Q2-dependence, we

determined the strange electric and magnetic charge
radii (r2E,M )s ≡ −6 dGs

E,M/dQ2|Q2=0, and the strange
magnetic moment µs ≡ Gs

M (0)µN (where µN is the
nuclear magneton). We also performed simple extrap-
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Fig. 1. Strange-quark and disconnected light-quark electric

and magnetic form factors of the nucleon, for a light-

quark mass corresponding to mπ = 317 MeV.

olations of these quantities to the physical pion mass,
obtaining

(r2E)
s = −0.0067(10)(17)(15) fm2,

(r2M )s = −0.018(6)(5)(5) fm2,

µs = −0.022(4)(4)(6) µN .

The first two uncertainties given here originate from
the statistical and systematic uncertainties in the lat-
tice QCD calculation itself, and the last uncertainty
results from the extrapolation to the physical point.
For comparison, a global analysis of parity-violating
asymmetry data for elastic electron-proton scattering
gives µs = −0.26(26) µN

1), which is consistent with
our result but has a much larger uncertainty.
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