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We present a first-principles lattice QCD investigation of the R-ratio between the e+e− cross-
section into hadrons and that into muons. By using the method of Ref. [1], that allows to extract
smeared spectral densities from Euclidean correlators, we compute the R-ratio convoluted with
Gaussian smearing kernels of widths of about 600 MeV and central energies from 220 MeV up
to 2.5 GeV. Our theoretical results are compared with the corresponding quantities obtained by
smearing the KNT19 compilation [2] of R-ratio experimental measurements with the same Gaussian
kernels and, in the region around the ρ-resonance peak, a tension of about three standard deviations
is observed.

INTRODUCTION

The R-ratio between the e+e− cross-section into
hadrons with that into muons plays a fundamental rôle
in particle physics since its introduction in Ref. [3]. In re-
cent years, the importance of the R-ratio has been mainly
associated with the fact that its knowledge, as a function
of the center-of-mass energy of the electrons, allows to
predict the leading hadronic contribution (HVP) to the
muon anomalous magnetic moment (aµ) via a dispersive
approach. The dispersive determinations of aHVP

µ , re-
viewed in detail in Ref. [4], are in strong tension (about
four standard deviations) with the experimental determi-
nation of aµ. On the other hand, lattice determinations
of (partial) contributions to aHVP

µ , obtained without any
reference to the experimental measurements of R, are in
much better agreement with the aµ experiment [5].

The focus of this paper is R and not aµ. The ex-
periments that measure R are radically different from
those that measure aµ and, moreover, R is an energy-
dependent probe of the theory while aµ is natively a
low–energy observable. For these reasons a detailed phe-
nomenological investigation of R represents an indepen-

dent precision test of the Standard Model with respect
to that provided by aµ. We address here the theoretical
side of this problem with the required non-perturbative
accuracy on the lattice.

To this end, we rely on our effort within the ETMC
that produced a collection of state-of-the-art lattice QCD
ensembles with four dynamical Twisted Mass quark
flavours [6] at physical pion masses together with the
Euclidean correlators with two insertions of the hadronic
electromagnetic current (see TABLE I and Ref. [7]).
From these correlators, by using the method proposed
in Ref. [1] and recently validated in Ref. [8], we extract
the R-ratio smeared with normalized Gaussian kernels,
Gσ(ω) = exp(−ω2/2σ2)/

√
2πσ2, according to

Rσ(E) =

∫ ∞
0

dωGσ(E − ω)R(ω) . (1)

We then compare our theoretical determinations of
Rσ(E) with experiments by smearing the R measure-
ments with the same Gaussian. In this way, by varying
E and σ, we probe R in Gaussian energy bins of different
widths.

Around the ρ-resonance peak and at σ ' 600 MeV
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aHVP,LOµ =
α2

3π2

∫ ∞
2mπ

dsK(s)

s
R(s) s = E2

"There is a tension between our result and those obtained by the R-ratio method."
BMW 2020 (arXiv:2002.12347)

"Our accurate lattice results in the short and intermediate windows point to a possible deviation of the e+e−

cross section data with respect to Standard Model predictions in the low and intermediate energy regions."
ETMC 2022 (arXiv:2206.15084v3 )

"The tension for the intermediate window between lattice QCD and the dispersive result needs to be addressed
in future work. As it stands, this tension may be interpreted as a yet to be understood new physics contribution

to hadronic e+e− decays."
RBC-UKQCD 2023 (arXiv:2301.08696)

We want to investigate R(E) on the lattice and not aµ.
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Difficulties of the problem

〈
1

3

∫
d3x

∑
i

Ĵi(t,x)Ĵi(0)

〉
︸ ︷︷ ︸

VL(t)

=

∫ ∞
2mπ

dω e−ωt ω2RL(ω)︸ ︷︷ ︸
ρL(ω)
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n cnδ(ω − ωn) is a distribution for L <∞
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Solution: consider a smeared spectral density

Rσ(E) =

∫ ∞
2mπ

dωGσ(ω,E)R(ω) Gσ(ω,E) =
1√
2πσ

exp

(
− (E − ω)2

2σ2

)
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The smearing is well defined also for finite volume spectral densities:

R(E) = lim
σ→0

lim
L→∞

RL,σ(E)

Compare Rσ(E) with Rexp
σ (E) at σ > 0
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The strategy

1) V (t) =

∫ ∞
2mπ

dω e−ωtω2R(ω)

2) Rσ(E) =

∫ ∞
2mπ

dω Gσ(E,ω)

ω2
ω2R(ω)

3)
Gσ(E,ω)

ω2
∼

T∑
n=1

gn e
−ωtn

4) =⇒ Rσ(E) ∼
T∑
n=1

gn

∫ ∞
2mπ

dω e−ωtnω2R(ω) =

T∑
n=1

gn V (tn)
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HLT approach: M. Hansen, A. Lupo, N. Tantalo HLT (arXiv:1903.06476), variation of Backus-Gilbert method
Extensively investigated in arXiv:2111.12774

Choose the g coefficients minimizing

W [λ, g] = (1− λ)A[g] + λB[g]

Accuracy of the reconstructed kernel

A[g] =

∫ ∞
2mπ

dω

Gσ(ω,E)

ω2
−

T∑
n=1

gne
−ωtn


2

· eαω

∫ ∞
2mπ

dω
{
Gσ(ω,E)

ω2

}2

· eαω
α = 2−

Suppression of the statistical error

B[g] ∝ gT · ˆCOV
[
V (t)

]
· g ≡ σ2

Rσ
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We look for stability w.r.t. changing of relative functional magnitudes

W [λ, g] = (1− λ)A[g] + λB[g] → gλ
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)

σ =0.53 GeV, E =0.37 GeV, ``, C80
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Results and current status of the analysis

(arXiv:2206.15084) Nf = 2 + 1 + 1 employed ensembles:

ensemble L3 · T a (fm) L (fm) Mπ (MeV) β

B64 643 · 128 0.07961(13) 5.09 135.2(2) 1.778
B96 963 · 192 0.07961(13) 7.64 135.2(2) 1.778
C80 803 · 160 0.06821(12) 5.46 134.9(3) 1.836
D96 963 · 192 0.05692(10) 5.46 135.1(3) 1.900

The analysis includes:

Procedure applied to σ = {0.63, 0.53, 0.44} GeV and E ∈ [0.25, 2.4] GeV 7→∆rec
σ (E)

Both connected and disconnected contributions to V (t)

Two regularizations considered (Twisted-Mass and Osterwalder-Seiler)

Constrained and unconstrained linear continuum extrapolation 7→∆a
σ(E)

Data-driven finite volume effects estimate 7→∆L
σ(E)
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Final results
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Future prospectives - reduction of the error
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Future prospectives - inclusion of Isospin-breaking effects

Gaussian kernels are not much different from the kernel providing aWµ → aWµ (IB) ∼ 0.2%

However Rσ(E)

Rexp
σ (E)

− 1 ∼ O(5%) at E = 0.5 GeV
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Isospin-breaking effects may become relevant when increasing the resolution in the energy (decreasing σ)

Isospin-breaking effects will be be computed from first principles
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Outlook and conclusions

. Finite volume spectral densities require a regulator 7→ smearing

. The comparison between theoretical and experimental results can be done at fixed regulator

. Smeared spectral densities can be calculated on the lattice through spectral reconstruction techniques
(HLT)

. We calculated Rσ(E) for σ = 0.44, 0.53, 0.63 GeV and achieved 1% accuracy around E = 0.8 GeV

. Our result is in tension with the experimental one at the level of 2-3 standard deviations around 0.8 GeV

. This tension was expected from aWµ calculation but it is not yet understood

. Reduce the error on the theoretical side and solve the tension among e+e− experiments will hopefully
clarify the situation

. The study of observables related to R(E) and localized in the energy could provide a valuable probe to
unravel new physics BSM.

Thank you for the attention!
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Finite volume effects
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Finite volume effects

Data-drive estimation of finite volume effects (reg=TM/OS)
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On the experimental side ...

More than 30 exclusive channels in low energy region (table from KNT19)
Channel ahad,LOVP

e × 1014 ahad,LOVP
µ × 1010 ahad,LOVP

τ × 108 ∆α
(5)
had(M2

Z)× 104 ∆νhad,VP
Mu (Hz)

Chiral perturbation theory (ChPT) threshold contributions
π0γ 0.04± 0.00 0.12± 0.01 0.03± 0.00 0.00± 0.00 0.04± 0.00
π+π− 0.31± 0.01 0.87± 0.02 0.11± 0.00 0.01± 0.00 0.25± 0.01
π+π−π0 0.00± 0.00 0.01± 0.00 0.00± 0.00 0.00± 0.00 0.00± 0.00
ηγ 0.00± 0.00 0.00± 0.00 0.00± 0.00 0.00± 0.00 0.00± 0.00

Exclusive channels (
√
s ≤ 1.937 GeV)

π0γ 1.19± 0.03 4.46± 0.10 1.75± 0.04 0.36± 0.01 1.45± 0.03
π+π− 138.59± 0.54 503.46± 1.91 172.84± 0.61 34.29± 0.12 159.64± 0.60
π+π−π0 12.29± 0.25 46.73± 0.94 20.47± 0.39 4.69± 0.09 15.48± 0.31
π+π−π+π− 3.67± 0.05 14.87± 0.20 11.50± 0.16 4.02± 0.05 5.58± 0.08
π+π−π0π0 4.80± 0.19 19.39± 0.78 14.56± 0.58 5.00± 0.20 7.22± 0.29
(2π+2π−π0)no ηω 0.24± 0.02 0.98± 0.09 0.84± 0.08 0.32± 0.03 0.38± 0.03
(π+π−3π0)no η 0.15± 0.03 0.62± 0.11 0.54± 0.10 0.21± 0.04 0.24± 0.04
(3π+3π−)no ω 0.06± 0.00 0.23± 0.01 0.21± 0.01 0.09± 0.01 0.09± 0.01
(2π+2π−2π0)no η 0.33± 0.04 1.35± 0.17 1.24± 0.15 0.51± 0.06 0.53± 0.07
(π+π−4π0)no η 0.05± 0.05 0.21± 0.21 0.19± 0.19 0.08± 0.08 0.08± 0.08
(3π+3π−π0)no ηω 0.00± 0.00 0.00± 0.01 0.00± 0.00 0.00± 0.00 0.00± 0.00
K+K− 5.86± 0.06 23.03± 0.22 12.82± 0.12 3.37± 0.03 8.01± 0.08
K0
SK

0
L 3.33± 0.05 13.04± 0.19 7.00± 0.10 1.77± 0.03 4.51± 0.07

KKπ 0.66± 0.03 2.71± 0.12 2.33± 0.10 0.89± 0.04 1.05± 0.05
KK2π 0.47± 0.02 1.93± 0.08 1.80± 0.07 0.75± 0.03 0.76± 0.03
KK3π 0.01± 0.00 0.04± 0.02 0.04± 0.02 0.02± 0.01 0.02± 0.01
ηγ 0.18± 0.01 0.70± 0.02 0.35± 0.01 0.09± 0.00 0.24± 0.01
ηπ+π− 0.33± 0.01 1.34± 0.05 1.10± 0.04 0.41± 0.02 0.51± 0.02
(ηπ+π−π0)no ω 0.17± 0.02 0.71± 0.08 0.63± 0.07 0.25± 0.03 0.28± 0.03
η2π+2π− 0.02± 0.00 0.08± 0.01 0.07± 0.01 0.03± 0.00 0.03± 0.00
ηπ+π−π0π0 0.03± 0.00 0.12± 0.02 0.11± 0.02 0.05± 0.01 0.05± 0.01
ηω 0.07± 0.01 0.30± 0.02 0.26± 0.02 0.10± 0.01 0.11± 0.01
ω(→ π0γ)π0 0.22± 0.00 0.88± 0.02 0.61± 0.01 0.19± 0.00 0.32± 0.01
ω(→ npp)2π 0.03± 0.00 0.13± 0.01 0.12± 0.01 0.04± 0.00 0.05± 0.01
ω(→ npp)3π 0.04± 0.01 0.17± 0.03 0.15± 0.03 0.06± 0.01 0.07± 0.01
ω2π+2π− 0.00± 0.00 0.01± 0.00 0.01± 0.00 0.00± 0.00 0.00± 0.00
ηφ 0.10± 0.00 0.41± 0.02 0.37± 0.02 0.15± 0.01 0.16± 0.01
ωηπ0 0.06± 0.01 0.24± 0.05 0.23± 0.05 0.10± 0.02 0.10± 0.02
ω(→ npp)KK 0.00± 0.00 0.00± 0.00 0.00± 0.00 0.00± 0.00 0.00± 0.00
η(→ npp)KKno φ→KK 0.00± 0.00 0.01± 0.01 0.01± 0.01 0.01± 0.00 0.01± 0.01
φ→ unaccounted 0.01± 0.01 0.04± 0.04 0.02± 0.02 0.01± 0.01 0.01± 0.01
pp̄ 0.01± 0.00 0.03± 0.00 0.03± 0.00 0.01± 0.00 0.01± 0.00
nn̄ 0.01± 0.00 0.03± 0.01 0.03± 0.01 0.01± 0.00 0.01± 0.00

Other contributions (
√
s > 1.937 GeV)

Inclusive channel 10.38± 0.16 43.55± 0.67 63.49± 0.91 82.78± 1.05 19.82± 0.30
J/ψ 1.49± 0.05 6.26± 0.19 8.91± 0.27 7.07± 0.22 2.81± 0.09
ψ′ 0.37± 0.01 1.58± 0.04 2.50± 0.06 2.51± 0.06 0.74± 0.02
Υ(1S) 0.01± 0.00 0.05± 0.00 0.12± 0.00 0.55± 0.02 0.03± 0.00
Υ(2S) 0.00± 0.00 0.02± 0.00 0.05± 0.00 0.24± 0.01 0.01± 0.00
Υ(3S) 0.00± 0.00 0.01± 0.00 0.03± 0.00 0.17± 0.01 0.01± 0.00
Υ(4S) 0.00± 0.00 0.01± 0.00 0.02± 0.00 0.10± 0.01 0.00± 0.00
pQCD (

√
s > 11.199 GeV) 0.48± 0.00 2.07± 0.00 5.33± 0.00 124.79± 0.09 1.34± 0.00

Total (<∞ GeV) 186.08± 0.66 692.78± 2.42 332.81± 1.39 276.09± 1.12 232.04± 0.82

Table 1: Summary of the contributions to ahad,LOVP
e , ahad,LOVP

µ , ahad,LOVP
τ , ∆α

(5)
had(M2

Z) and

∆νhad,VP
Mu calculated in this analysis. The first column indicates the channel, the second, third

and fourth columns give the contributions to ahad,LOVP
e , ahad,LOVP

µ and ahad,LOVP
τ , whereas the

fifth and the last column list the contributions to ∆α
(5)
had(M2

Z) and ∆νhad,VP
Mu , respectively. The

last row describes the total contribution obtained from the sum of the individual final states,
with the uncertainties added in quadrature.
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Channel ahad,LOVP
e × 1014 ahad,LOVP

µ × 1010 ahad,LOVP
τ × 108 ∆α

(5)
had(M2

Z)× 104 ∆νhad,VP
Mu (Hz)

Chiral perturbation theory (ChPT) threshold contributions
π0γ 0.04± 0.00 0.12± 0.01 0.03± 0.00 0.00± 0.00 0.04± 0.00
π+π− 0.31± 0.01 0.87± 0.02 0.11± 0.00 0.01± 0.00 0.25± 0.01
π+π−π0 0.00± 0.00 0.01± 0.00 0.00± 0.00 0.00± 0.00 0.00± 0.00
ηγ 0.00± 0.00 0.00± 0.00 0.00± 0.00 0.00± 0.00 0.00± 0.00

Exclusive channels (
√
s ≤ 1.937 GeV)

π0γ 1.19± 0.03 4.46± 0.10 1.75± 0.04 0.36± 0.01 1.45± 0.03
π+π− 138.59± 0.54 503.46± 1.91 172.84± 0.61 34.29± 0.12 159.64± 0.60
π+π−π0 12.29± 0.25 46.73± 0.94 20.47± 0.39 4.69± 0.09 15.48± 0.31
π+π−π+π− 3.67± 0.05 14.87± 0.20 11.50± 0.16 4.02± 0.05 5.58± 0.08
π+π−π0π0 4.80± 0.19 19.39± 0.78 14.56± 0.58 5.00± 0.20 7.22± 0.29
(2π+2π−π0)no ηω 0.24± 0.02 0.98± 0.09 0.84± 0.08 0.32± 0.03 0.38± 0.03
(π+π−3π0)no η 0.15± 0.03 0.62± 0.11 0.54± 0.10 0.21± 0.04 0.24± 0.04
(3π+3π−)no ω 0.06± 0.00 0.23± 0.01 0.21± 0.01 0.09± 0.01 0.09± 0.01
(2π+2π−2π0)no η 0.33± 0.04 1.35± 0.17 1.24± 0.15 0.51± 0.06 0.53± 0.07
(π+π−4π0)no η 0.05± 0.05 0.21± 0.21 0.19± 0.19 0.08± 0.08 0.08± 0.08
(3π+3π−π0)no ηω 0.00± 0.00 0.00± 0.01 0.00± 0.00 0.00± 0.00 0.00± 0.00
K+K− 5.86± 0.06 23.03± 0.22 12.82± 0.12 3.37± 0.03 8.01± 0.08
K0
SK

0
L 3.33± 0.05 13.04± 0.19 7.00± 0.10 1.77± 0.03 4.51± 0.07

KKπ 0.66± 0.03 2.71± 0.12 2.33± 0.10 0.89± 0.04 1.05± 0.05
KK2π 0.47± 0.02 1.93± 0.08 1.80± 0.07 0.75± 0.03 0.76± 0.03
KK3π 0.01± 0.00 0.04± 0.02 0.04± 0.02 0.02± 0.01 0.02± 0.01
ηγ 0.18± 0.01 0.70± 0.02 0.35± 0.01 0.09± 0.00 0.24± 0.01
ηπ+π− 0.33± 0.01 1.34± 0.05 1.10± 0.04 0.41± 0.02 0.51± 0.02
(ηπ+π−π0)no ω 0.17± 0.02 0.71± 0.08 0.63± 0.07 0.25± 0.03 0.28± 0.03
η2π+2π− 0.02± 0.00 0.08± 0.01 0.07± 0.01 0.03± 0.00 0.03± 0.00
ηπ+π−π0π0 0.03± 0.00 0.12± 0.02 0.11± 0.02 0.05± 0.01 0.05± 0.01
ηω 0.07± 0.01 0.30± 0.02 0.26± 0.02 0.10± 0.01 0.11± 0.01
ω(→ π0γ)π0 0.22± 0.00 0.88± 0.02 0.61± 0.01 0.19± 0.00 0.32± 0.01
ω(→ npp)2π 0.03± 0.00 0.13± 0.01 0.12± 0.01 0.04± 0.00 0.05± 0.01
ω(→ npp)3π 0.04± 0.01 0.17± 0.03 0.15± 0.03 0.06± 0.01 0.07± 0.01
ω2π+2π− 0.00± 0.00 0.01± 0.00 0.01± 0.00 0.00± 0.00 0.00± 0.00
ηφ 0.10± 0.00 0.41± 0.02 0.37± 0.02 0.15± 0.01 0.16± 0.01
ωηπ0 0.06± 0.01 0.24± 0.05 0.23± 0.05 0.10± 0.02 0.10± 0.02
ω(→ npp)KK 0.00± 0.00 0.00± 0.00 0.00± 0.00 0.00± 0.00 0.00± 0.00
η(→ npp)KKno φ→KK 0.00± 0.00 0.01± 0.01 0.01± 0.01 0.01± 0.00 0.01± 0.01
φ→ unaccounted 0.01± 0.01 0.04± 0.04 0.02± 0.02 0.01± 0.01 0.01± 0.01
pp̄ 0.01± 0.00 0.03± 0.00 0.03± 0.00 0.01± 0.00 0.01± 0.00
nn̄ 0.01± 0.00 0.03± 0.01 0.03± 0.01 0.01± 0.00 0.01± 0.00

Other contributions (
√
s > 1.937 GeV)

Inclusive channel 10.38± 0.16 43.55± 0.67 63.49± 0.91 82.78± 1.05 19.82± 0.30
J/ψ 1.49± 0.05 6.26± 0.19 8.91± 0.27 7.07± 0.22 2.81± 0.09
ψ′ 0.37± 0.01 1.58± 0.04 2.50± 0.06 2.51± 0.06 0.74± 0.02
Υ(1S) 0.01± 0.00 0.05± 0.00 0.12± 0.00 0.55± 0.02 0.03± 0.00
Υ(2S) 0.00± 0.00 0.02± 0.00 0.05± 0.00 0.24± 0.01 0.01± 0.00
Υ(3S) 0.00± 0.00 0.01± 0.00 0.03± 0.00 0.17± 0.01 0.01± 0.00
Υ(4S) 0.00± 0.00 0.01± 0.00 0.02± 0.00 0.10± 0.01 0.00± 0.00
pQCD (

√
s > 11.199 GeV) 0.48± 0.00 2.07± 0.00 5.33± 0.00 124.79± 0.09 1.34± 0.00

Total (<∞ GeV) 186.08± 0.66 692.78± 2.42 332.81± 1.39 276.09± 1.12 232.04± 0.82

Table 1: Summary of the contributions to ahad,LOVP
e , ahad,LOVP

µ , ahad,LOVP
τ , ∆α

(5)
had(M2

Z) and

∆νhad,VP
Mu calculated in this analysis. The first column indicates the channel, the second, third

and fourth columns give the contributions to ahad,LOVP
e , ahad,LOVP

µ and ahad,LOVP
τ , whereas the

fifth and the last column list the contributions to ∆α
(5)
had(M2

Z) and ∆νhad,VP
Mu , respectively. The

last row describes the total contribution obtained from the sum of the individual final states,
with the uncertainties added in quadrature.
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Tension between experiments: whose fault is it?
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Our results seem to prefer BaBar data...
... but this experimental discrepancy seems not to be enough to explain our observed tension



Correlators in the C80 ensemble
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Continuum extrapolation
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Error continuum extrapolation

Data-drive estimation of error associated with continuum extrapolation
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Did we expect such result?

Some hints already come from the intermediate-window observable (RBC/UKQCD)

aW,disp.µ ∝
∫ ∞
Ethr

dE
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)3
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)
Θ̃W (E)R(E) = 229.51(87)
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The tension on aWµ arises from the low energy region of R(E)



Electromagnetic effects: significant or not?

Isospin-Breaking Bffects are responsible for the ρ− ω mixing around 0.8 GeV but ..
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BMW 2020, Lattice calculation

aWµ = 236.7(1.4)

aWµ (IB) = 0.43(4) ∼ 0.2%

Rσ(E)−Rexp
σ (E)

Rexp
σ (E)

∼ 2.5% for E in [0.6, 1]GeV

aWµ − aW,disp.µ

aW,disp.µ

∼ 3%

The Window kernel is slowly decreasing
But also our Gaussian kernels are still quite broad... potentially large local IB effects are smeared out
Anyway electromagnetic effects must be computed from first principles



Error associated with the reconstruction

syst(E) = |R10 −R1|erf
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Reconstructed kernels
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Final results (separated by flavour)
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Error budget
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Backup: the functional Aα[g]

Wλ[g] = (1 − λ)
Aα[g]

Aα[0]
+ λB[g] K

rec
(ω,E) =
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]
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Backup: aµ time-distance windows
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From experimental R-ratio

aHVPµ ∝ α2
em

∫ ∞
0

dω
ω3
K̃(ω)R(ω)

From lattice QCD

aHVPµ ∝ α2
em

∫ ∞
0

dt t2K(t)C(t)

CHHKS’19

KNT’19

DHMZ’19

BMWc’17

RBC’18

ETM’19

FHM’19

Mainz’19

BMWc’20

 660  680  700  720  740

 10
10

 × a
LO-HVP
µ

lattice

R-ratio

no new physics

Figure 3: Comparison of recent results for the leading-order, hadronic vacuum polarization contribution
to the anomalous magnetic moment of the muon. See [7] for a recent review. Green squares are lattice
results: this work’s result, denoted by BMWc’20 and represented by a filled symbol at the top of the figure,
is followed by Mainz’19 [32], FHM’19 [33], ETM’19 [34], RBC’18 [19] and our earlier work BMWc’17
[14]. Errorbars are s.e.m. Compared to BMWc’17, the present work has increased the accuracy of the
scale-setting from the per-cent to the per-mill level; has decreased the statistical error from 7.5 to 2.3;
has computed all isospin-breaking contributions as opposed to estimating it, the corresponding error is
1.4 down from 5.1; has made a dedicated finite-size study to decrease the finite-size error from 13.5 to
2.5; has decreased the continuum extrapolation error from 8.0 to 4.1 by having much more statistics on
our finest lattice and applying taste improvement. Red circles were obtained using the R-ratio method
by DHMZ’19 [3], KNT’19 [4] and CHHKS’19 [5, 6]; these results use the same experimental data as
input. The blue shaded region is the value that aLO−HVP

µ would have to have to explain the experimental
measurement of (gµ − 2), assuming no new physics.
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Why aHVPµ (R-ratio) 6= aHVPµ (lattice QCD)?



The anomalous magnetic moment of the muon in the Standard Model (arXiv:2006.04822)

Contribution value ×1010

Experiment (E821) 11 659 208.9(6.3) (0.54 ppm)

QED 11 658 471.893(10)
Electroweak 15.4(0.1)

Hadronic VP (from R-ratio) 684.5(4.0)
HLbL 9.2(1.8)

Total SM 11 659 181.0(4.3)

aexpµ − aSMµ 27.9(7.6) (∼3 σ tension)

Hadronic contribution is the most challenging and imprecise.



Order of limits, R(E) = limσ→0 limL→∞Rσ(E)
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Prospectives 1) Increase the statistics to reduce the error
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We can reduce the current number of configurations to figure out the impact
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Aim 7→ reduce the error by a factor ≈ 2


