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See A. Conigli’s talk Introduction

o
3.85 3.7 3.55 3.46 3.4 3.34
* Large data set already created (CLS) | | | | | |
450 - N300 H200 AG53
1 J50049307 N2z B4SO HIOL .
Gt = ——=|dx ( jI(1,%) j(0) ) 400-
3 ' ' NS02 S0y H102
5400
350 - ,J501 o 1300 o203 e ° _A654
% Nao N451
* Deep and robust methodologies have also ;300' jggg o120 o o 1101 -
been derived £950- 0 oo Das; C102 o
: : . D201 D450  4C101
> |sospin basis decomposition J250  ®
200~ £300
> Window splitting ° D452
150 - _ph ,F300 JE250 D150
> Volume corrections
1001__ | | | | |
° ... 0.000 0.002 0.004 0.006 0.008 0.010
a? [fm?]

Arnau Beltran Lattice 2026 Beyond the LO HVP contribution to the muon g — 2




See A. Conigli’s talk Introduction

O"P(Q) ~ Jdt w(t; Q) G™(1)

* We probe observables sensitive to the HVP, each weighting a different region of the hadronic spectrum /
Euclidean momentum

. hvp, lo hvp, lo /
- Long distance - «, """ , q, B30 TT'(0)
Short distance - Aa,,, (M) , A(sin”0y) pnon g PO (can b ted to high precisi
. had \ M7 ) W)pg a, , a; can be computed to high precision)

* Compare data- and lattice-based determinations across these observables to test their (in)consistency
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Representations of the master formula

[D. Bernecker and H. B. Meyer 2011]

0 O=Q
1 () = (4a),(4D), (4c)
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da? fO% | ]

j=1,...,mi
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Representations of the master formula

[D. Bernecker and H. B. Meyer 2011]

0 O=Q
1 () = (4a),(4D), (4c)

We want analytical control over f for all NLO diagrams %\ i
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Time-kernel for the NLOa
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Time-kernel for the NLOa

[S. Laporta et al. 2024]

2 R fn

2 .
121; Féad) "2 (i) + S(P)

Suppressed piece: &
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Time-kernel for the NLOa

[S. Laporta et al. 2024]

2 R fn

Dominant piece: Y ~ f mg Fa)(fy 2 g + S(7)

1672

Suppressed piece: &

Can be used to interpolate between
t<<land > 1
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Time-kernel for the NLODb
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Time-kernel for the NLODb

My
M=—<x1 i _ -
e MG iy i<l m (m, ) N
16 2f£jb)(t) = Z Z — (—) (enm +f m*+g, (;/E+ In t) +h,,, (yE+ In t) )
d n>4 m20n° My
m,,% Z(4b), 3y 100 ~ My ,
o /e (D = P\~ )+ Smet) A Sm )
£
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Time-kernel for the NLODb

M — < 1 ) . m
mf mf ~ A 1] tn mbﬂ/ A A\ 2
~ O £ Z Z— - (enm t+ Lo + G (ve + 10 7) + Ay (5 + In 1) )
167[ n>4 m>0n! My
m; =(4Dh), A ?—Z'OO A mf/
o) ="\ t,— | + Sin, 1) + S(my 1)
1671'2 mf
THREEREGIONS: 1< 1< 1/M , l<it<l1/M AND l<Il/M<t
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Time-kernel for the NLODb
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Time-kernel for the NLOc
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Time-kernel for the NLOc
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Time-kernel for the NLOc

t, 7 t+7, [T-F>1

iR A > 1
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Accumulated error

We observe a relative error
< 10719 for all observables

hvpKernels.jl
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Long distance cancellation

NLO HVP

We setm, =m,

e NLOa and NLODb have opposite signs

e Their addition exactly cancels around
t ~3.6 1m

e NLOa&b = NLOa + NLOb exploits this
cancellation
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Reduction of uncertainty NLO HVP

«— (Contribution to the Central Value
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Reduction of uncertainty NLO HVP

«— (Contribution to the Central Value

B oiher «— (Contribution to the Final Error

. ‘\‘\ D
. 5.0) =r o

L
= LD . scale

BN B
1B

0.59 %
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Reduction of uncertainty NLO HVP

—+@-— @+ —@—i H@+—
» We have achieved a 0.6 % precision, " | 7" 3 ot || fren
improving on WP25 Nis T o I -
0’0’ —l— —il- O =
 The size of NLO HVP is similar to the % ¢ . . .
HLbL but with the opposite sign *@ A - : 0
A
* Large cancellation in the Isospin e%e(\e\\“"“‘ B | '
Breaking corrections in NLOa+NLODb; 3\@\%“ ' ' '
very reliable QCD estimate e T
\)\1\@%& 0 ¢
> —215 =210 —205 105 110 3.00 3.75 —102  —100 —98
azvp,nlo(a) < 101 aﬁvp,nlo(b) < 10U al;vp,nlo(c) < 1011 a/}ivp,nlo % 1011

a,"""™ = = 101.57(26),(54),,[60] x 107!

H
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Motivation and introduction Electron g — 2

 Current uncertainty on a, is dominated by the Cs/Rb discrepancy in
determinations of a (atom interferometry)

| |
: = : ¢+ SM prediction
ubidium i Experiment
Cesium
o
0.25 0.50 0.75 1.00 1.25 1.50 1.75 .
a, X 101 +1.15965218 x 10
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Motivation and introduction Electron g — 2

[H. Wittig 2025]

» Current uncertainty on a, is dominated by the Cs/Rb discrepancy in le--09 QED tot
determinations of a (atom interferometry) le+08
: K ! +| SM predilction le+07
ubi:dium -  Experiment 1le4-06
osium | 100000
0.25 0.50 0.75 1.00 1.25 1.50 1.75 10000

a, X 1012 +1.15965218 x 10°
N 1000
» Current error of a,"? already sensitive to the size of a, ™ ° and with 100
prospects of improving

10
o aEVP suffers of the usual discrepancies in the data-driven approach 1

0.1

Relative contribution to a, X 10'? of different
sectors of the SM
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Motivation and introduction Electron g — 2

[H. Wittig 2025]

» Current uncertainty on a, is dominated by the Cs/Rb discrepancy in L6409 QED tot
determinations of a (atom interferometry) 16108
: K ! +| SM predilction le+07
ubi:dium -  Experiment le4-06
.Cesium | 100000
0.25 0.50 0.75 1.00 1.25 1.50 1.75 10000

a, X 101 +1.15965218 x 10
b | 1000
- Current error of a,’? already sensitive to the size of @, *"° and with 100
prospects of improving

10
o aEVP suffers of the usual discrepancies in the data-driven approach 1
. Once a is resolved, an unambiguous determination of """ ° is as 0-1

: th :
pressing as a Complete 6 order QED computatlon Relative contribution to a, X 1012 of different

sectors of the SM
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hvp, lo

Rescaling from a, Electron g — 2

[S. Li et al. 2026]

2.2

- At the kernel level, there is an exact cancellation of the O(*) terms Fopy st 2 Me 4
9
m 2 m 2 <<l/m <1/ 4 4
~ ~ m m,
a;"" " - (—) ap"™" — [Pm) - (—) Fmn =T (0(m)" +0O(m,)") o
m m
u u
. a""P1° is computed as a shift from the rescaled a;wp’ lo
2 hvp, lo
m ae—/,t
oo = (2 gio g S s g
m, a, P
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hvp, lo

Rescaling from g, Electron g — 2
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- hvp, lo
Windows a,_, g, — 2
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Comparison of results (isoQCD) Electron g — 2

ThlS Work_ . ﬁlinded anj:I p:relirninary
. Calculation through ;" " at ~ 1% (vescaling from ) !
//l . Blinded and preliminary
Co This work | | o
precision (direct computation)
* The direct computation presents larger
errors - dominated by scale setting ( tgh) BMW (2018){ = o
. IB corrections are important for a"*P and KNT19(CMD3)- —1
hvp : : : : :
Qp_yy s still not included in this analysis KNT10- — b
Jegerlehner (2017) —e
Nomura & Teubner (2013) - | o
Krause (1997)- | = .
184 186 188 190 192 194 196

agvp, lo % 1014
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* \WWe have total analytical control on the time-kernels at NLO for all Euclidean times
> Manuscript In preparation

> Working package already developed “hvpKernels.jl”

- Estimate for the NLO HVP to the muon g — 2 is now complete and accepted for publication

 Progress on the determination of the LO HVP to the electron g — 2 Related talks of the Mainz group:
» Rescaling from a, working at ~ 1 % relative precision Tue. 16:50 - H. B. Meyer
Wed. 09:00 - A. Conigli
> Still room for improvement: scale-setting dominates the error Wed. 11:10 - D. Erb

Wed. 11:30 - S. Lahrtz
Wed. 11:50 - D. Albandea
Wed. 09:00 - A. De Santis
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Time-kernel for the LO

[M. Della Morte et al. 2017] 5 i i i i 3
My #(2)( % ~) A A 21 221 2
) = — - ——K, (2t In(t G~ |t
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Time-kernel for the LO

[M. Della Morte et al. 2017]
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Time-kernel for the LO

[M. Della Morte et al. 2017]
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Accumulated error

60
—— R-ratio model

§  KNT19 R-ratio data

501

401

We relate the R-ratio to

E [I(w?) and G(7)

10+

0.4 0.6 0.8 1.0 1.2 1.4

Vs [GeV]
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Windows NLO HVP
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NLO HVP
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Other small quantities NLO HVP

Bottom quark etfects 2 Tau-loop effects in NLOb
my, >> 1/a for all CLS ensembles, we use pQCD .o We neglected NLOb(7)
2
N; oo 2 .
b _ am, a J' % ) dmj R(2 We evaluate only in E250
H B 2 R AN
6rmy, T 1 Z n;

hvp,nlo(z) _ [ & Z(4b) 2
a,” M) dt fUT) Giaso(1)

Charm sea-quark effects

< - does not contain the charm quark Charm disconnected contributions

Direct and indirect effects from charm sea-quark loops are

2 4
c3 __(cc
included in the error budget Caused by 3 \/g Gige and 0 Giisc

Numerically irrelevant
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Results for NLOc NLO HVP

275 1
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3 H
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| — .
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