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Status of muon g-2

. QED IB |
This talk:
its FV effect - exponential for m_L ~ 4!
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HVP: lattice vs data-driven

Data-driven approach Lattice QCD approach
(timelike photon momentum) (spacelike photon momentum)

HVP HVPy
~ +
f
* sum over all channels * expansion around isosymmetric point
afVP(lat) = aprVP(iso) ~ few % 10~10
5 HVP  5gHYP )
+68,— H gy — \
aém iso aaem 180




Challenge #1: sighal-to-noise problem

2 ot 3
HVP _ 1: Fem - _ 3
= tim (% L fm)CO. €0 =553 Jd (IO oo
. t*C(r)
Ways to treat the tail: A
small ¢

» model-guided fit

[RBC/UKQCD, PRL 2018]
[Mainz/CLS, JHEP 2025]
[Parrino et al. incl. VB, JHEP 2025]

- spectral

reconstruction
[Lehner et al., PRD 2026]

- data-driven tall
(hybrid approach)

[RBC/UKQCD, PRL 2018]

|
[BMW, Nature 2026] / ~ 2-3 fm \

lattice model/reconstruction/etc.




Challenge #2: finite-volume effects

Few lattice simulations at finite volumes - how to extrapolate to V — o0?

Scalar-QED estimates: VV& @ M@M
[Bijnens et al., PRD 2019] ’VV@\M
- Leading powerlike effects are small % E
Ola,,,/(m L)’] compared to HVP g@) E
taken from [Bljnens et al., PRD 2019]

Sa,(m,L ~ 4) ~ 107"

- At L > 6fm, m_ ~ mP™, powerlike effects > exp. effects

- this can change with different QCD < QCD+QED matching Bvw, Nature 2021]
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Model for QED IB (light quarks)

Lagrangian-based VMD model with pions, p, @ and photons VB et al., EPJC 2026]

» works Iin both spacelike and timelike
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X mﬂ_i - mn_o
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iy renormalized at isospin- isospin-symme.tric — physical 7y
symmetric point (1, ~ m _) conversion term

— _ 0 .
Aa;™ ~ 0.7 x 107" Aa'~—-78x10"""  Aal7~0.1x107"

cf. [Hoferichter et al., PRL 2023]

HVP HVP
Aa;t ~a, YP(m_.) — a, YP(m_o)

qeﬁect ~ [(a//Il{VP)FV — (a/pr)"o]

HVP\FV _ ¢ HVPyoo
me— L@, ) = (a, )7,

v Accessible via Meyer-Lellouch-LUscher/Hansen-Patella approaches

[Meyer, PRL 2011]  [Lellouch & Lischer, Comm. Math. Phys. 2001] [Hansen & Patella, PRL 2019, JHEP 2020]



Matching model with lattice diagrams

- Lattice quark-level topologies (Wick contractions):
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* Match using LO partially-quenched ChPT
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[VB et al., JHEP 2022]
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[Parrino et al. incl. VB, JHEP 2025]



The dumbbell diagram

(focus on light quark contribution)

* (2+2)a — a dominant, UV-finite topology

» Other lattice results:

-RBC/UKQCD (-6.9+2.9)x 107! [RBC/UKQCD, PRL & PRD 2018]
- Mainz/CLS (—6.4 +1.3)x 10710 [Partino et al. incl. VB, JHEP 2025

BMW: L ~ 6 fmand L ~ 11 fm, 4hex smearing; good test of FV effects

one lattice spacing: root-mean-square mass:
a~ 0.112 fm m@e~RMS ~ 142 Mev

T



Absolute size of (2+2)a from 4hex ensembles

da,/dt [107"%/fm a,(foy) [1071]
L0l QED_ N preliminary I’
0.5} R 141 1 0
0.0 L _1
‘3 III
~0.5} IIIIEIIHHHHHHH._2
!
~1.0| i
e 6fm IHH M3
—1.9f * 11fm |
o0l — model (V — o0) -
0 ! 2 3 L0 ! 2 3 1
t [fm] fe [TM]
_ & _,
Lattice photon propagator: G(x) = . e "G(k)
T
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Finite-volume effect

d(a,'™ —a?™)/dr [1071%/fm (! ™ — 8™ ) [10719)
0.0l QED preliminaryio.o
0.0 i
AT
—0.4; =
—-0.6} | | ] 1 ... MLL | 11 -
~0.8} | . ] . &P
1.0l - AL =200
0 1 2 3 £ 0 ! 2 3 4
A [fm] . tcut [fm]
- d*k .
Lattice photon propagator: G(x) = J Ty MG (k)
T

Model uncertainty bands: 30%
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Finite-volume effect

11f 6f —10 11f 6f —10
d(a,' ™ — a"™/di 10~10/fm] (a,' ™ = a; ™)1y |10717)
1o QED, ] T preummmj-o.o
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Lattice photon propagator: G(x) = 3 Z e Gk)(1 — Ok 0)

Model uncertainty bands: 30% ‘
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Finite-volume effect

d(aﬁlfm _ Cl'gfm)/dl‘ [10—10/fm] (a'jlfm _ a/,?fm)(tcut) [lo—lO]
0.2t QEDTL l _ PT@.LLME‘,MQI"‘?-Q.Q
0.0
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1 .
. . — ikx
Lattice photon propagator: G(x) = e Z e™G(k)(1 = 8 5 o)

Model uncertainty bands: 30% ‘

FV effect is mostly QED-formulation independent - genuinely exp.
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Conclusions and outlook

Model predictions @ physical point (in 10719):
L [fm] 6 o0
win. [fm] [ 0.0-2.8]0.0-00]0.0-2.8]0.0-00
2+2)a | =24 | =30 | =32 | —4.7
Full | =35 [—-43 | —48 | =7.0

~_

1.3 AaENAL ~ 1.5 %X 1071% Muon g-2, PRL 2025]

« QED IB effects are large and negative; contradicts earlier
phenomenological estimates, e.g. [Hoferichter et al., PRL 2023]

- Finite-volume effects in the BMW data meet model predictions

> QED IB model extension (e.g., o-resonance)

>~ Combined model for QED+strong IB

Thank you for your abtention!
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