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HVP as a power expansion Introduction

The full HVP can be written as an expansion on a. ., ;
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Computed as EM corrections to HVP LO
[Previous talk by D. Erb, 14:45]
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Master formula Introduction

“Generalised” TMR master formula for HVP observables:

a : ~1\ A A
a,"?[(i)] = ( ﬂm> J dt,...dt, fOt,, ...t )G{t)x...xG(t,)  i=L0O,NLOa, NLOb,NLOc...
0 m = # of QCD blobs

o © 4t . an? | L., 0
f(l)(tl’ T tm) — [ A9 f(l)(a) ) H [a) tj — 4 sin T] G(t) — 5 Z Z <]em(x t)]em(o»
] xEA k=0
[S. Kuberski and A. Conigli, 11:25]

* Best case scenario: there’s a close form solution for these integrals, e.g. LO and NLOc
 Sometimes an analytic solution cannot be found, e.g. NLOa and NLOb : “We need to get creative”
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NLO TMR kernels

E.Balzani, S.Laporta and M.Passera. 2024 Physics Letters B
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NLO TMR kernels
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]'Z(NLOa&b) (t) — f(NLOa)(t)

NLO TMR kernels
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NLO TMR kernels
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NLO TMR kernels
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200
= = = —— lsovector (3,3)
Isospin splitting  Strategy § e
150 A
Gell-Mann matrices allow for an isospin basis &
decomposition: XA
— 33 8,8 , =
G(1) = G (1) + 1/3G(1) + 4/9G“() + ... =
ey
Observable unavoidably gains intrinsic . segsl #1111
dependenCIeS 0 0-6-0-0-6-0600006600000000000006 L\;: ! &E—E—‘é—‘é%:
- . o E250 (m, ~ 130 MeV)
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t |fm]
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HP extr. h h
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The hadronic vacuum polarisation contribution to the muon g-2 at long distances, JHEP 04 (2025) 098 =
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i3 Window splitting Strategy

f(0) = f(0)(Ogp(D) + Op(1) + B (1))

LD piece: Signal-to-noise problem and big dependence
on scale setting. Smoother continuum limit.
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Bounding method and spectroscopy analysis to
mitigate signhal-to-noise problem.

—25 - E250 (m][ ~ 130 M@V)

0-0 : L0 Lo 2.0 25 30 30 0 = The hadronic vacuum polarisation contribution to the muon g-2 at long distances, JHEP 04 (2025) 098

SD piece: Multiplicative tree level improvement improve continuum limit. Around the region ¥ — 0, one expects
terms ~ a’Ina?to emerge. These are hard to constrain in the continuum extrapolation.

We proceed with a subtracted kernel:

o R R .A167r2,Qt o A A R
FOD)Osp(1) — fO (1) = fUD)Osp(7) — Ogp(0)C(7) o sin' == where FO@) ~ COD* + 6 (°)

* The hadronic vacuum polarisation contribution to the muon g-2: the short-distance contribution from lattice QCD, JHEP 03 (2024) 172
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Extrapolations
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Relative contributions to central value Preliminary results

LD piece is blinded
for all NLO diagrams!

@ SD 13,3
mIiD [18,8
.I LD Ccec
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Conclusion and outlook

- Methodology for a pure lattice NLO HVP computation through the TMR method.

- Observable seems to be more ‘short-distanced’ than the LO HVP, but has some
challenges of its own.

- Sub-percentage precision is to be expected after unblinding. Possible to compete and
compare with data-driven results.

> err

- Statistics dominated result err .. 2

Syst
- Still in need of a ‘full power’ computation of the sub-leading NLOc piece.

- Ongoing study of the benefits an f_ rescaling can have when setting the scale.

- Isobreaking effects must be included.
- Other small contributions: bottom quark, charm quenching, top loop ...
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Subtracted Kernel on the NLOa Backup (Strategy)
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orders af and aj . explicit analytical results, Nucl.Phys.B 844 (2011) 266-288
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Subtracted Kernel on the NLOa Backup (Strategy)

a’ In a? terms slowly disappear as 1/Q increases
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More extrapolations Backup (Results)
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Relative contributions to the error Backup (Results)

" Stat.
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NLOc strategy Extra slides

* Sub-leading contribution so less precision can be accepted.
* No window splitting.

« HP&MLL methods used to correct directly to co volume (no V_.¢ in between step)

» Must take care of the crossed terms coming form the G(¢#) X G(7) product.

Using fU4(7, %) = f49(3, 1) -

1 16 2 8 3
G()G(r) = GP(HG3(1) + §G88(t)G88(T) + 8—1Gcc(t)GCC(T) + §G33(t)G88(T) + 6G33(I)GCC(T) + EGgg(t)GCC(T)
'G33G33' — AG33AG33 L 2G33AG33
:G88G88: — AGSBAGS® £ 2GS8AGSS
:G33G88: — AGBAGSS + G3BAGSS + AG33G38
iG33Gcc] — AG33GCC

> B B B
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Other results Extra slides

Previous lattice result (Fermilab Lattice, HPQCD, and MILC Collaborations)

Higher-order hadronic-vacuum-polarization contribution to the muon g-2 from lattice QCD

a,"’[NLO],, = — 93(12) x 107!

Final 2025 White Paper average

The anomalous magnetic moment of the muon in the Standard Model (2025)

—98.3(4) x 10~ KNTI19

= a,P[NLOJyp = — 99.6(1.3) x 10!
—~100.8(6) x 1071 KNT19/CMD - 3

h
aﬂ " [NLO] data—driven — {
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