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aµ =
gµ − 2

2
= aQED

µ + aEW
µ + aHVP

µ + aHLbL
µ

aHVP,LO
µ = 4α2mµ

∫ ∞

0

dt C(t) t3K(t) aHVP,LO
µ =

α2

3π2

∫ ∞

0

ds
s Rhad(

√
s) K̃(s)

[R. Aliberti et al. – WP25, arXiv:2505.21476]
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v Lattice QCD aHVP
µ −→ no tension

v Data-driven disp. aHVP
µ −→ unsolved puzzle
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aHVP,LO
µ flavour decomposition status in the WP25 isoQCD scheme

v nice consistency among several collaborations on strange and charm quark-connected contributions

v light quark-connected contribution challenging
interplay of lattice artifacts, statistical errors and mass dependence

v quark-disconnected contributions: agreement among a few results, error control important too
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[R. Aliberti et al. – WP25, Fig. 34]

ETMC is finalising the aHVP,LO
µ in FLAG and (likely) WP25 isoQCD scheme
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C(t) = −1

3

∑
k=1,2,3

∫
d3x 〈0|Ĵk(x, t) Ĵk(0, 0)|0〉 Ĵµ(x)

∑
f =u,d,s,c,...

Z f
V qf ψ̄f (x)γµψf (x)

mixed action setupy
two possible definitions of vector current

v connected contributions
subpercent relative error

two ways to approach the continuum
f

f

v disconnected contributions
larger relative error

one way to approach the continuum

f f ′
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ETMC strategy is using the isospin decomposition
(as proposed by Mainz/CLS)

[D. Djukanovic et al. – JHEP 04 (2025) 098]

aHVP
µ (I = 1) =

9

10
aHVP
µ (`)

aHVP
µ (I = 0) =

1

10
aHVP
µ (`) + aHVP

µ (s) + aHVP
µ (c) + aHVP

µ (disc.)
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ensembles very close to the FLAG/Edinburgh and WP25 isoQCD definition

10.0

Analysis status

Simulation status

planned

7

Used in this analysis:

v 4 different β’s → a ∈ 0.05− 0.08 fm

v Different linear size → L ∈ 3.8− 7.6 fm

v Careful analysis of mistuning on µ`, µs , µc and mcr

to match exactly the FLAG isoQCD point
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v Bounding method
0 ≤ C(tc) e−meff(tc)(t−tc) ≤ C(t) ≤ C(tc) e−E0(t−tc) ∀ t > tc

v E0 is the energy of the lowest two-pion state (I = 1) and three-pion state (I = 0)

v meff(tc) can be safely replaced by meff(t?) choosing a suitable t? < tc

[T. Blum et al. – Phys.Rev.Lett. 121 (2018) 2]

v Additive blinding of the I = 1 data

C reg(an) → C reg(an) + a3

Z reg
V

K∑
k=1

Ake−mk
T
2 cosh

(
mk

(
T
2

− an
))

v large enough K (we chose K > 12) does not allow for unblinding data

v does not alter the cut-off effects −→ removal of free-theory lattice artifacts possible;

v Finite Volume Effects (FVE) not altered;

v Additive a− and L− independent blinding of the I = 0 data
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I = 1 contribution



mistuning corrections

O(µf ,mcr|µval
f ,mcr) = Osim(µval

f ,msim
cr )

+ (mcr − msim
cr )

[
∂sea

cr + ∂val
cr

]
O

+
∑

f =`,s,c

(µf − µsim
f ) ∂sea

f O

+ (µ` − µsim
` ) ∂val

` O
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v mcr both sea and valence −→ small due to mPCAC
µ`

� 1 tuning, correction size is β dependent

v µf sea with re-weighting −→ tipically small or similar w.r.t. statistical uncertainty

v µ` valence −→ dedicated measurements at µ` close to the isoQCD FLAG point
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Low Mode Averaging setup

Sdefl
r,η (x , y)− Sr,η(x , y) =

Nv∑
j=1

1

λj + irµ
∣∣vj(x)

〉 〈
vj(y)

∣∣ (1−
∣∣η(x)〉 〈η(y)∣∣ )γ5 = S IR

r (x , y)− S IR
r,η (x , y) .

Cdefl
rr′,η(t) = Crr′,η(t)− C IR

rr′,η(t) + C IR
rr′ (t)
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S/N gain on vector-vector correlators
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mean gain = 3.51 ± 0.12
mean gain = 3.39 ± 0.12

v Nv chosen to obtain a gain in S/N & 3.5

v for a fixed gain the Nv values depend on physical volume

Ensemble L [fm] NU Nv Nη aµsea
`

B64 5.09 1380 400 1024 0.00072
C80 5.46 870 530 1600 0.00060
D96 5.46 450 530 960 0.00054
E112 5.46 420 530 1344 0.00044
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C80 ensemble (L ' 5.5 fm) bounding

v upper bound −→ two-pion (lattice) state with lowest relative momentum

v lower bound −→ meff(t?) with t? = 1.8 fm for all ensembles and both regularisation

v average over δt ' 0.25 fm after optimal tc
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reference volume interpolation Lref=5.46 fm

v B64 ensemble L ' 5.1 fm

v B96 ensemble L ' 7.6 fmy
preliminary exponential interpolation

GS and HP inspired
[G.J. Gounaris and J.J. Sakurai – Phys.Rev.Lett. 21 (1968)]

[M.T. Hansen and A. Patella – Phys.Rev.Lett. 123 (2019) 172001]

aµ(L) = aµ(∞)− ALe−MπL
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final interpolation via data-driven lattice-TM GS model
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continuum limit extrapolation

aHVP,reg
µ (I = 1) = P0 + Preg

1 a2
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a2 [fm2]
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aHV
P (I

=
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 (b

lin
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d) PRELIMINARY

2 dof = 1.4
c0 + ctm

1 a2

c0 + cOS
1 a2

606.0 ± 5.9

v ∼ 4 · 10−10 error at fixed β

v increase of statistics on D96 and E112

v TM regularisation data almost flat in a2

compatible with constant within errors

v C.L. systematics to be estimated via BAIC
a2 + a4 terms on OS data
a2 + a2/ log

(
a2Λ2

)
, . . . terms
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infinite volume limit

v lattice-TM GS model using Mπ± and Mπ0 for 2π energy levels

v standard GS parameters evaluated from global fit at 4β on TM regularisation

v validation for FVE between L ' 5.1 fm (B64) and L ' 7.6 fm (B96) with a target error ∼ 10% in progressy
increase of statistic on B96 in progress
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I = 0 contribution



v strange and charm quark-connected contribution already published
[C. Alexandrou et al. – Phys.Rev.D 111 (2025) 5, 054502]

no S/N problem at large Euclidean time
v no bounding
v no LMA

v mistuning for strange and charm quark-connected contributions taken into account

v mistuning on all quark-disconnected contributions negligible within errors

v charm quark-disconnected contribution expected to be negligible −→ check in progress at a single beta

only light and strange contributions taken into account (for now)

aHVP
µ (I = 0) =

1

10
aHVP
µ (`) + aHVP

µ (s) + aHVP
µ (disc.; `− s)
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strange and charm quark-connected contributions

v FVE negligible but taken into account as systematic effect
v continuum limit systematics via Bayesian AIC

aHVP,reg
µ (f ) = P0 + Preg

1 a2 + Preg
2 a4 f = s, c

52×10−10

53×10−10

54×10−10

a
H
V
P

µ
(s
)

0.000 0.002 0.004 0.006 0.008

a2 [fm2]

fit

OS

TM

AIC

14×10−10

15×10−10

16×10−10

17×10−10

a
H
V
P

µ
(c
)

0.000 0.002 0.004 0.006 0.008

a2 [fm2]

fit

OS

TM

AIC

Antonio Evangelista ETMC progress on the computation of the HVP contribution to the muon g − 2 15 / 23



light-strange disconnected correlators estimation

v B(`)− B(s) computable via Axial WI

∑
f =u,d,s

qf Bµ
f (z) = ZV (µ` + µs)a4

∑
x

〈
P`s(x)Aµ

`s(z)
〉
, ` − s

v frequency splitting improvement with 4 levels (N = 3) [L. Giusti et al. – Eur.Phys.J.C 79 (2019) 7, 586]

Bµ(µ`)− Bµ(µs) =
[
Bµ(µ`)− Bµ(µ1)

]
+
[
Bµ(µ1)− Bµ(µ2)

]
+ . . . +

[
Bµ(µN)− Bµ(µs)

]
.
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I = 0 bounding procedure

v lower bound −→ correlator positivity

v upper bound −→ E0 = 2Eπ±(p) + mπ0 with p = ± 2π
L n (state relevant only at O(a) in tm-LQCD)

v average over δt ' 0.25 fm after optimal tc

1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
t [fm]

120.0

122.5

125.0

127.5

130.0

132.5

135.0

137.5

140.0

a
H

V
P
,I

=
0

µ
×

10
10

B64   L= 5.1 fm

Bounding result: 123.9 (1.3)
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FVE negligible within statistical errors as expected
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very small lattice artifactsy
v constant fit with 3β v linear fit in a2 with 4β

blinded preliminary result
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Leading isospin breaking corrections



towards LIB effects from ETMCy
computing aHVP,LO

µ corrections via RM123 method

∆aHVP
µ (f ) = 2α2 lim

tc 7→+∞

∫ tc

0

dt t2K (mµt) Z2
V ∆C f (t) + 2

∆ZV ,f

ZV

(
aHVP
µ (f )

)iso

v valence contributions −→ started and well advanced

v sea and sea-valence contribution −→ starting now
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valence quark-connected leading isospin breaking corrections

∆C f (t) = e2
f
∂C f

∂e2
(t) + ∆mf

cr
∂C f

∂mf
cr
(t) + ∆µf

∂C f

∂µf
(t) v e2 → discrete derivative

v µf , mcr → operator insertion

v ∆mcr from parity restoration in QCD+QED

v ∆µf from matching physical π±, K±, K0 and Ds meson masses

v ∆Z f
V /ZV from axial WI as in tmQCD by using mixed action setup
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2 volumes: L1 ' 3.8 fm and L2 ' 5.1 fm at fixed lattice spacing ' 0.08 fm

v u + d contribution needs chiral extrapolation
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r m
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rm ∈ [5.0, 9.0] fit: 4.34± 0.76

rm ∈ [3.0, 7.0] fit: 4.84± 0.95

rm ∈ [3.0, 9.0] fit: 4.75± 0.74
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v strange and charm show no S/N problem
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isoQCD results
v aHVP

µ (s) and aHVP
µ (c) published with ∼ 1% accuracy

v aHVP
µ (I = 0) preliminary blinded result with competitive error (∼ 2× 10−10)

v aHVP
µ (I = 1) almost completed

ä increase of statistics on the two finest lattice spacings and on the large volume

ä careful continuum extrapolation study to establish systematics (target error ∼ 5× 10−10)

ä TM-lattice GS model for FVE estimation under validation (target error ∼ 3× 10−10)y
final accuracy on aHVP

µ close or below 1% achievable

leading valence isospin breaking effects
v valence quark-connected data ready to be analysed on 2 finer lattice spacings

v third volume (L ' 7.6 fm) at coarsest lattice spacing to check FVE
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future directions

v isoQCD simulations at a bigger volume L ' 10.2 fm just started

v including electro-unquenched leading isospin breaking effects at several lattice spacings

v smeared R-ratio with energy resolution down to ∼ 200 MeV just started

interesting in view of experimental e+e− 7→ hadrons updates

Thank you for the attention!

This work has received support through the project IMAGE-N, EXCELLENCE/0524/0459
funded by the Cyprus Research and Innovation Foundation.
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Backup



∆N
∆λ̃

(0) ∝ Λ3
QCDL3T .
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