Balint C. Téth
University of Wuppertal
Budapest—Marseille—Wuppertal collaboration (BMW)
[BMW/DMZ, Nature 653 (2026) 373, arXiv:2407.10913v2]

A. Boccaletti, Sz. Borsanyi, A. Cotellucci, M. Davier, Z.Fodor, F. Frech, A.Gérardin,
D. Giusti, A.Yu. Kotov, L. Lellouch, Th. Lippert, A.Lupo, B.Malaescu, S.Mutzel,
A. Portelli, A.Risch, M. Sj6, F. Stokes, K.K.Szabo, B.C. Toth, G.Wang, Z.Zhang

Balint C. Téth  (University of Wuppertal) Muon g — 2 HVP contribution from BMW/DMZ



Overview
€000

Overview

T
BNL & FNAL'25 ||

0.50

This work

RBC/UKQCD 24

Mainz/CLS 24

BMW '20
White paper '20
A N
< 5.80 >
\r V
BaBar
CMD-3
KLOE H——H
Tau
| | | | | |
180 190 200 210 220 230
a, x 10" = 11659000

niversity of Wuppertal)

a;ot"" = 714.1(2.2)(2.5)[3.3] (v1)

—  a,o"" =715.1(25)(2.3)[3.4]

@ Remarkable success of Standard Model

@ Hybrid approach

o Long distance contribution from e* e~ data

o (t>2.8fm) gives < 5% of total result
o Atlow energies et e~ data are
consistent

o > 95% of total result from lattice

@ Reduced noise, finite volume effects, taste
breaking
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Overview
0000

@ wy scale as intermediate scale

This work (fz) H—s—H

This work (M) —— precise value of wy in QCD+QED is needed

@ Value of wy is now obtained from f.:

ETM 21 (f,) —a—
ETM "20 (/) [ = i [Wo]acargea = 0.17264(36)(33)[48] fm
BMW 20 (M) ——
alLat ’ ] | S——| H t H
RCI;‘;C“AIQ“(;‘:”) @ M, determination is kept as a cross-check
HPQCD 13 (f.) . e . . . f
0.169 0.170 0.171 0.172 0.173 0.174 0.175 o Remeasured WO Wlth ZeUthen_ ow
wy / fm

@ Blinded analysis
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Overview
[e]e] e}
Simulations
@ Tree-level Symanzik gauge action
@ N; =2+ 1+ 1 staggered fermions
Lozl ' ' ' ' " e Ph_vsi(l‘al poinll- @ 4 steps of stout smearing, ¢ =0.125
A 3 =3.7000
ool 2o o s | ® L~6fm, T~9fm
= k 7 S @ M, and M are around physical point
L0981 bt B=39200 |
= 8= 40126 B a[fm] LxT
o 0900 ® p=tum 7 37000 01315 48x64
Coal | 37500 0.1197 56x96
3.7753 0.1116 56 x 84
w 1 1 1 1 1 1
0.94 0.96 0.98 1.00 1.02 1.04 1.06 1.08 38400 00952 64 X 96
Mijwg /[Mijwg] e 3.9200 0.0787 80 x 128

4.0126 0.0640 96x 144
4.1479 0.0483 128 x192
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Overview
ocooe

Fit functions

@ Anomalous dimensions in the Symanzik effective theory
—> a? scaling modified by powers of strong coupling as(a)
a® — a%al(a)

@ y (and prefactors) not yet known for our action and observables

(%)

Fitting several aa’,(a) terms simultaneously: unstable with available lattice spacings

@ Strategy: fit a single a%al(a) term at a time, vary y
— estimate uncertainty coming from logarithmic corrections

@ Allow
y€{00,05,10,15,20,25}

@ Ansatz to parameterize lattice artifacts:

Aa) = Ay + Ax - (a/wp)2al(a) + Ay - (a/wo)* + As - (a/wp)®
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Windows
[ elele]

. e st ' ]
@ Compute electromagnetic current-current = 40 A0 dadt BMW20] ——
= N *+
correlator 2 a0 k o
—_ + *
C(t) = (Jy(t)Jv(O» % 200 : tt
-~ + +ﬁ
E oo} s ",
LO-HVP _ & T,
a dt K t) C(t) E:L 0 ++ M
3 ‘ ‘ ‘ ‘ ‘
0 1 2 3 4

t [fm]

@ K(t) describes the leptonic part of the
diagram

[Blum’02], [Bernecker,Meyer '11], [HPQCD’14], ...
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Windows
[e] Tele]

@ Restrict correlator to window between t; = 0.4fm and t, = 1.0fm [RBC/UKQCD'18]

15 window [RBC/UKQCD'18] ——
Ir{ .. window [RBCIUK ,

0.5

0.0 - .

400 da:;uj;lggmgq;} = @ Less challenging than full a,

@ signal/noise
o finite size effects
o lattice artefacts (short & long)

00 05 10 15 20 25 30 35 40 45
t[fm]

@ Effectin /s S “oim

a00) ~— [0.,0.4] fm 0t (0,041 fm
— 1042.0fm ~— [0410]fm
— [L0=]fm 100} — [10,=] fm
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Windows
[e]e] o]

Intermediate-distance window [0.4fm, 1.0fm] light-connected

Number of fits 50688 ' ' ' ' ' '

Fits with P > 0.1 80% 206 7 g
Median 206.37 1 Mt
Total error 0.50 | 0.24%

Statistical error 0.37 | 0.18% o
Systematic error 0.33 | 0.16% | Ho
Pseudoscalar fits 0.01 | 0.00%

1 1 1 1 1 1
0.0000  0.0025 0.0050 0.0075 0.0100 0.0125 0.0150

Mss value 0.01 | 0.00%

a? / fm?
wy value 0.18 | 0.09%
Lattice spacing cut | 0.07 | 0.04% TR T [ T
Fit polynomial order | 0.18 | 0.09% L Median | | Emeiade e
. 1 AR 20 B 99
Log corrections y 0.10 | 0.05% i S| | Newrcns 2
] O Aubin 22
. . . 1 xQCD 22
@ With FV-corrections included i Leber 20
AV Y I s . . = I
light _ i ,"' & lattice  |—0—]
a,04_19 = 206.92(37)(34)[50] et DD R L arion NI
4 205 206 207 208 200 205 210
0, -10(Leer) (oA
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Windows
[e]e]e] )

Long-distance window [1.5fm, 1.9fm] light-connected

Number of fits 50688

Fits with P > 0.1 100% 1
Median 95.51 - 95 4 -
Total error 210 [ 2.20% ! i R
Statistical error 1.75 | 1.84% . 1 floes
Systematic error 1.16 | 1.22% B SXPT 9 1 U=
Pseudoscalar fits 0.02 | 0.02% A none %X

Mss value 0.02 | 0.02% §600 0.0025 0.0050 0,007 00100 0.0125 0,015

wp value 0.62 | 0.65% a* / fm?*
Taste correction 0.28 | 0.30% e . e
Lattice spacing cut | 0.22 | 0.23% — PDF his work J——
Fit polynomial order | 0.62 | 0.64% N = o5t | | eosmocsmie
Log corrections y 0.20 | 0.21% | 95.4% \"' . e

@ With FV-corrections included ““““““““““ k; ““““““““““

1 Benton 23
a:ﬁl;t_m = 97,57(1 .76)(1 .17)[2.1 1] 0 UTJL,:J;L ' ('znlm) T h;"' R TR T
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More windows
@000

Multi-window fits

@ Try different splittings of Bt t el r 1882
[0.4fm, 2.8fm] into one, two, or sSr T 1T 183
three sub-windows w:‘g_—o—_ I _:H:.:HHHmHHHHHH:HHHHHm,‘mmmuu_‘fm

@ Fit sub-windows together in a 3. W3
correlated manner 3500 T 13

@ Optimize for minimal final variance gl || 11 1P

0 A iiiiiiiii iiiii iiiiii iiiiiii A

@ With new fit functions, optimal X8I T TR T T T T &
splitting: o1 | st R LTI BHO U T e =
04fm — 2.0fm — 24fm - 2.8fm T et I
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More windows
[o] le]e}

[0.4fm, 2.8fm] light-connected

Number of fits 248396544

Fits with P > 0.1 80%

Median 572.99 502.28 46.91 23.90
Total error 275 | 0.48% | 1.72 | 0.34% | 0.79 | 1.68% | 0.88 | 3.67%
Statistical error 1.84 | 0.32% | 1.24 | 0.25% | 0.41 | 0.88% | 0.41 | 1.70%

Systematic error 2.04 | 0.36% | 1.19 | 0.24% | 0.67 | 1.43% | 0.78 | 3.25%

Pseudoscalar fits 0.05 | 0.01% | 0.03 | 0.01% | 0.02 | 0.03% | 0.01 | 0.04% o ® SRHO
Mg value 0.03 | 0.01% | 0.02 | 0.00% | 0.01 | 0.02% | 0.00 | 0.02% o’ " m  SXPT
wo value 1.72 | 0.30% | 1.20 | 0.24% | 0.31 | 0.66% | 0.21 | 0.86% -

Taste correction 0.86 | 0.15% | 0.31 | 0.06% | 0.32 | 0.69% | 0.45 | 1.89% A none

Lattice spacing cut | 0.40 | 0.07% | 0.16 | 0.03% | 0.20 | 0.43% | 0.15 | 0.62%
Fit polynomial order | 0.40 | 0.07% | 0.23 | 0.05% | 0.20 | 0.42% | 0.27 | 1.11%

Log corrections y 0.23 | 0.04% | 0.06 | 0.01% | 0.08 | 0.17% | 0.10 | 0.42% r¢
04 -28 04-20 20-24 24-28 e =
- i
- e
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1 1 1 =
i 1 1 =
: : . - = 107
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i i i ) e s
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More windows
[e]e] e}

Long-distance window [1.0fm, o] light-connected

@ Fit using 3 sub-windows

light llght light light RN " " "

a,u,10—«>o ,u 10-32 + ay 32-36 + ay,SG—oo

This work H——H

@ Bounding method
FNAL/HPQCD/MILC 25

light _ light
1380y, 1,36-40 RBC/UKQCD '25
light
light _ light 11,39-40 2-pion e
;1,36—00‘11}, = a“,36_40 Taopion | 8a0-c Mainz/CLS 25
14,3940 PO T S S S T S S S |
100 110 120
glight
2—pion . 1000
Qo ay 40—00 is computed using
B cosh[Ezn(t — T/2)] + 1
pl) = light
cosh(Ez T/2) — 1 a 5o, = 404.6(2.7)(2.5)[3.7]
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More windows
[e]ele] ]

Long-distance window [1.0fm, o] light-connected

Number of fits 496793088
Fits with P > 0.1 100%
Median 386.06 376.66 5.64 3.28
Total error 3.64 | 0.94% | 2.70 | 0.72% | 0.77 | 183.66% | 1.75 | 53.22%
Statistical error 268 | 0.70% | 1.47 | 0.39% | 0.63 | 11.16% | 0.97 | 29.51% T T T T T T T
Systematic error 2.46 | 0.64% | 2.27 | 0.60% | 0.44 7.89% | 1.45 | 44.29% ® SRHO
Pseudoscalar fits 0.06 | 0.02% | 0.05 | 0.01% | 0.02 | 0.28% | 0.02 | 0.55% -
Taste correction 1.49 | 0.39% | 1.40 | 0.37% | 0.13 | 2.33% | 0.04 1.34% | SXPT
Bounding 1.22 | 0.32% | 0.00 | 0.00% | 0.01 0.20% | 1.21 | 36.93% A none
Lattice spacing cut 0.54 | 0.14% | 0.53 | 0.14% | 0.07 1.25% | 0.11 3.38%
Fit polynomial order | 0.98 | 0.25% | 0.57 | 0.15% | 0.31 5.54% | 0.30 9.24%
Log corrections 0.64 | 0.16% | 0.62 | 0.16% | 0.03 0.61% | 0.06 1.70%
10— 10-32 32-36 36 —
10°
=
ke
1071 g
e ——r ——— ——r —— ———r 4
T n||:|||| T T |:| T T ":'I 10—2'%
1 | 1 <
p I | ~
v ! ' 10-3
1 1
| |
i i I 1 1 1 1 1 1 1
! ! ! 0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
(NI S . oI T B Y T - 2 e 2
370 375 380 385 4 6 8 0 5 o / fin
@oaa(Leer) 553 30(Luct) 35 oc(Lier)
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Conclusions
[ ]

Conclusions

@ Lattice results suggest that no new physics is needed at current level of precision

©

Lattice groups agree in different windows

©

Disagreement between lattice and data-driven
— further investigation needed

@ Upcoming experiments

(7]

MUonE at CERN for spacelike HVP

New BaBar et e~ analysis

New KLOE analysis

New BES llI, BELLE-II, CMD-3, SND-2 data and analysis
J-PARC, entirely new method for a, measurement

© ©6 06 0
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Even more windows
©00000

Short-distance window

[0.0fm, 0.4 fm]

light-connected

Number of fits 8192
Fits with P > 0.1 54% 10°
Median 47.82 £
Total error 0.14 | 0.29% b 4. corrected 1
Statistical error 0.05 | 0.10% £ A g, corrected 3
Systematic error 0.13 | 0.28% T \ | Lo
Pseudoscalar fits 0.00 | 0.00% R L
Mss Vﬁ|ue 000 000% 0.000 0.002 0.004 “.““()”l'./[)::_» 0.010 0.012 0.014
wp value 0.01 | 0.02% /
Tree correction and/or § | 0.09 | 0.19% I amae—a 1 T
Lattice spacing cut 0.05 | 0.11% b Nedian | | |
Fit polynomial order 0.06 | 0.12% esan |
95.4% FNAL/HPQCD/MILC 24
@ With FV-corrections included ;‘NI(IL(;D"
light _ | ETM 22
ay/00704 - 47.85(5)(13)[14] T Ty R T—T

I

ight \ light
0004 (Lrer) 0004

on from BMW/DMZ
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Even more windows
00000

Short-distance window

Number of fits 2560

Fits with P > 0.1 100%
Median 0.0010
Total error 0.0027 | 284%
Statistical error 0.0022 | 226%
Systematic error 0.0016 | 172%
Pseudoscalar fits 0.0000 1%
Mss value 0.0000 1%
wp value 0.0002 16%
Tree correction and/or g | 0.0001 6%
Lattice spacing cut 0.0005 47%
Fit polynomial order 0.0018 | 192%

@ With FV-corrections included

a7s6 o, = —0.0014(22)(101)[104]
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disc
@y 00—0- y(Ler)

0.004

0.002

0.000

—0.002
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disconnected

0.0000

1
0.0025 0.0050 0.0075 0.0100

10°

107!

1073

Relative weight

a? / fm?
LB e e e — T T
| — PDF
i - Median This work —-——
. 68.3%
\ 05.4% FNAL/HPQCD/MILC "24
i
1
: Mainz/CLS "24
i
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—0.005 0.000  0.005 0.010 —0.01 0.00 0.01
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Even more windows
008000

Intermediate-distance window [0.4fm, 1.0fm] disconnected

Number of fits 30720 —04
Fits with P > 0.1 48% 0"
Median -0.994 3 06 -
Total error 0.032 | -3.2% = N
Statistical error 0.021 | -2.1% 508 i
Systematic error 0.024 | -2.4% 107
Pseudoscalar fits 0.000 | -0.0% o | | | . i il
MSS Value 0000 -OO% 0.0000 0.0025 0.0050 (1;ljl;7I?llzlJ.(lltlll 0.0125 0.0150
w, value 0.008 | -0.8% '
Lattice spacingcut | 0.013 | -1.3% = | [ L B
Fit polynomial order | 0.012 | -1.2% N e |
Log corrections y 0.015 | -1.5% g :1:\1‘-_»2 e
@ With FV-corrections included A
aloq 10 = —1.049(21)(24)[32] /A Jmen i i
-1.1 -1.0 -0.9 -1.0 —0.8 —0.6
ayio10(Lrer) i1
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Even more windows
000800

[0.4fm,2.8fm] [=0

Number of fits 7680

Fits with P > 0.1 100%
Median 46.89
Total error 1.22 | 2.61%
Statistical error 1.19 | 2.54%
Systematic error 0.28 | 0.59%
Pseudoscalar fits 0.01 | 0.02%
M;s value 0.01 | 0.01%
wo value 0.17 | 0.36%
Lattice spacing cut | 0.04 | 0.08%
Fit polynomial order | 0.25 | 0.54%
Log corrections y 0.01 | 0.02%
::f)l:)tjz?c %3,1;%1:28 + afli004—28 +a
s = 619.6(2.3)(2.1)[3.1]

niversity of Wuppertal)

light
14,00-0:

41T

disc
1,00-04

10°

10!

102

Relative weight

1073

0.0000

1 | 1 1 1 1
0.0025 0.0050 0.0075 0.0100 0.0125 0.0150

2 /2
a® /fm

PDF
Median
68.3%
95.4%

1
16 18
10

H,,_”: 28 (Lret)
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Even more windows
000000

Long-distance window [1.0fm, 2.8fm] light-connected

Number of fits 50688 % 11" =
Fits with P > 0.1 99% 2 I
Median 366.38 S e smio 105
Total error 2.84 [ 0.78% [ I . 1 0,.=
Statistical error 1.76 | 0.48% soop A mome . . o
systemanc error 223 061 O/O 0.0000 0.0025 0.0050 “.(:“,7:-) ) 0.0100 0.0125 0.0150
Pseudoscalar fits 0.04 | 0.01% o

Mss value 0.03 | 0.01% T e e . R
wo value 1.64 | 0.45% : o
Taste correction 0.90 | 0.25% ! 68.3%
Lattice spacingcut | 0.40 | 0.11% i 95.4%
Fit polynomial order | 0.33 | 0.09% i

Log corrections y 0.36 | 0.10% i

[ PR I S S I S S
360 365 370 375

light
Aty so(Luet)

Balint C. Téth  (University of Wuppertal) Muon g — 2 HVP contribution from BMW/DMZ Lattice 2026 | College Park, MD |27 July 2026 | 20



Even more windows
00000@

Long-distance window [1.0fm,2.8fm] [=0

Number of fits 7680
Fits with P > 0.1 100% 25 1
Median 27.13 210 1°
Total error 1.21 | 4.45% S 1w
Statistical error 1.18 | 4.36% < 102"
Systematic error 0.24 | 0.88% e 11,
Pseudoscalar fits 0.01 | 0.03% 25 1
Mss value 0.01 | 0.02% 0.0000 0.0025 0.0050 0.0075 00100 0.0125 00150
wp value 0.14 | 0.53% o/ fm?
Lattice spacing cut | 0.03 | 0.12% : . . i . -
Fit polynomial order | 0.22 | 0.83% i — POF
Log corrections y | 0.00 | 0.01% : I
| 95.4%
3;1:100728 = J_oa:jﬁk(;t—zs + as,l? 0-28 i
a::ﬁlg-gdslsc = %aﬁﬁ?—zs + aﬁoofzs i
light+disc ~ __ o 2‘(3 — 2I3 — 30
a,70-28 = 365.6(2.4)(2.0)[3.1] W)
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Contributions
[ ]

All contributions to abO'HVP

00 — 28 | light and disconnected | 619.6(2.3)(2.1)[3.1] | this work
00 - 28 | strange 53.12(14)(11)[18] | this work
00-28 | charm 14.68(24)(29)[38] | this work
00 -28 | light ged -1.86(53)(27) | this work
00 -28 | light sib 7.06(64)(35) | this work
00 — 28 | disconnected ged -1.00(46)(28) | this work
00 — 28 | disconnected sib -4.39(58)(63) | this work
00 — 28 | strange ged -0.0136(85)(77) | this work
00 — oo | disconnected charm 0.0(1) | BMW’17, Section 4 in Supp. Mat.
00 — o | charm ged 0.0182(36) | ETM’19

00 — o | bottom 0.271(37) | HPQCD’14
28 — oo | tail from data-driven 27.59(26)(45)[52] | this work
00— co | total | 715.1(2.5)(2.3)[3.4] |
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t>2.8fm

Tail aﬁggy contributes < 5% to final result for a,
Tail dominated by cross section below p peak: ~ 75 %
for v/s < 0.63 GeV

— Tension between experiments significantly
reduced

For small +/s radiative-correction issues are less
pronounced

Independently integrate each experiment that has over
95 % coverage

Weighted average taken w/ and w/out 7:
x?/dof =1.0and 0.8

alQH\P = 27.59(26)(45)[52]
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10°

= 100k

10'F

10"

107'E

0.0

BaBar

CMD-3

KLOE

Tau

Final Result

L1
27.0

a,
4
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Tail contribution:
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Tail
oe

Tail contribution: t > 2.8fm

abO-HVP 850800 = abO_HVP tail

— 02K0 T . . = \ \ —

3 0.18; TOF + SND | 3 165 TOF + SND E

[0} [ & OLYA o SND20 | [G] E 4 OLYA o SND20 |

go_m; CMD = CMD3 3 E 14;J . CMD = CMD3 |

N AT=N ﬁl'.woDEzos . (DJLME‘O = = 12r d@d | : gy&zoe v (D:hLAE‘o |

§,0.12: » KLOE10 o BABAR E| £ 10F hkt » KLOE10 o BABAR 7

< E = KLOE12 E 2 E e o KLOE12 El

° 01 - BES 3 S s = BES A

0.08[- E T ek 3

0.06 5 E i, °F :

004 = el E

0.025F . 8 2F E

%Ei 0!4 0!5 0.6 0.7 0.8 0.‘9 1 ;;2 %Ei . 11

Vs [GeV] K3 Vs [GeV]

Include additional systematic variations

@ Averaging before integrating vs. integrating before averaging: 0.12
@ Effect of experiments with less coverage: 0.16
@ Removing/including CMD3: 0.31
@ Removing/including BaBar/KLOE: 0.26

Still negligible effect on final ;%"
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