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Why Windows?

+ BRBC/UKQCD collaboration introduced filters in Euclidean time to reduce
contribution from long time tail. PrL121, 022003 (2018)

¢ allows precise comparisons among different lattice calculations

¢ allows comparison with data driven approach to explore apparent current difference of
2.20

o [nitially three filters: short distance (SD), intermediate distance (W), and long distance
(LD)

e Here we consider W

e Should the white paper also consider SD?

W (1,1, 1, A) : tanh [ 2220\ _ tann (120
I, A) = — |tan — tan

window function, plotted on future slides

+ (t = — 1) defines the
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| iterature Search

..
+ Found 8 archival papers and 4 lattice proceedings from mid-2022 1o present

e \Wang:2022lkqg, Muon g-2 with overlap valence fermions

e Aubin:2022hgm, Muon anomalous magnetic moment with staggered fermions: Is the lattice
spacing small enough?

o Ce:2022kxy, Window observable for the hadronic vacuum polarization contribution to the muon
g-2 from lattice QCD

o —xtendedlwistedMass:2022jpw, Lattice calculation of the short and intermediate time-distance
nadronic vacuum polarization contributions to the muon magnetic moment using twisted-mass
fermions

e Fermilablattice:2022izv, Windows on the hadronic vacuum polarization contribution to the
muon anomalous magnetic moment

e Chao:2022ycy, Coordinate-space calculation of the window observable for the hadronic
vacuum polarization contribution to g-2

e FermilablatticeHPQCD:2023jof, Light-quark connected intermediate-window contributions to
the muon g-2 hadronic vacuum polarization from lattice QCD

e RBC:2023pvn, Update of Euclidean windows of the hadronic vacuum polarization
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Light, Intermediate Contribution
S

RBC/UKQCD 2018 | -

Aubin et al. 2019 |- - RBC/UKQCD 2018 | -
ETMC 2021 | - ETMC 2021 | _
BMW 2020 | —— — BMW 2020 — -
LM 2020 [ H——H _ Mainz 2022 |- — -
Aubin et al. 2022 | 1 - ETMC 2022 - - -
. ' S RBC/UKQCD 2023 |- ——+ .
ChiQCD 2022 OV/DWF | — _ FBO/UKQCD 2018/F 1 |- | i
ChiQCD 2022 OV/HISQ - | * | . Aubin et al. 2019/CL/KNT | i -
Mainz 2022 |- = - BMW 2020/KNT |- i -
ETMC 2022 |- H—+H — Colangelo et al. 2022 |- —t— -

RBC/UKQCD 2023 | - - 1

| | | 224 226 228 230 232 234 236 238 240

195 200 205 210 215 a," (0.4 fm, 1.0 fm, 0.15 fm) x 10"

aMW’iSO’CO””’“d(OA fm, 1.0 fm, 0.15 fm) x 10'°

o (Left) results from various groups for light connected contribution

e (Right) Complete contribution to the intermediate window. Includes strange, and
charm quarks, disconnected contributions, isospin breaking and electromagnetic
corrections. 10.1103/PhysRevD.108.054507; arXiv:2301.08696
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https://doi.org/10.1103/PhysRevD.108.054507

Ensembles Used by Fermilab/HPQCD/MILC

¢ Circles denote truncated solver
method (TSM)

® Squares are for low mode improved

LM
( ) ali(conn.) . .

® Area of symbol proportional to e .
statistics. Several smaller symbols @ (conn.)
are runs in progress. al*(disc.) |
e Solid colors for local vector current;  Aa!(SIB conn.) - H B ‘

hatched for 1-link current A(STB disc.) |

¢ 0.09" Is a better tuned ensemble

Adls(QED) ‘ N
started by CallLat, extended by MILC o 006 005" 0.09 01 RE
~ a |fm]
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Example of Windows

Results for a ~ 0.06 fm

Red curve is SD filter out to 0.4 fm
Slack curve iIs W filter 0.4 to 1 fm
In each case width i1s 0.15 fm

e scale Is on left

Data for light quarks shows effect of
staggering

Data Is blinded & preliminary

e scale Is on right

Light contribution extends well
beyond W, I.e., long distance
contribution to g-2 is substantial.
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Example of Windows |

¢ Results for a ~ 0.06 fm

e Red curve is SD filter out to 0.4 fm

j j t |t
* Black curve is W filter 0.4 10 1 tm 0.00 025 0.50 0.75[m]1.oo 1.25  1.50
¢ In each case width is 0.15 fm 1O | | | ¥ lght  — sD
Py O Gxstrange — Y
e \\Ve add results for strange (blue), 2 0.8t M.
and charm (purple) quarks. They are 7
both multiplied by 6 as they are < 007
small. :5 0l
e Strange is mostly within W §,
0.2
e Charm mostly within SD
0.0 1 Wl e s S S EEEEE R - — oS (g)
0 5 10 15 20 25 3
t/a
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Short Distance Window for Heavier Quarks
-

0.2F 11
R RIS =10
— = S —
— o = -
O 58 B \\\ QQQ O
= N e = 9
%‘ 5.6 E\\\ \\\\\ % \\
a = \\ \’\ 8 = 8 ‘\(. 'E"
S 5.4} N B S W
2 \\ 2 .
2 5.2F au(BMA) N 2 r a,(BMA)
B Fits: 18 f zHH @z —SMOM E\ B Fits: 24 0 zHH [ zRI-SMOM
5 | l | | | | N | | | | | |
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a?[fm”] a?[fm”]

e Contribution of strange quark (L) and charm quark (R). Note difference in size.

e Charm contribution to SD somewhat larger than strange.

® [he dependence on lattice spacing is notably different than for W where

continuum limit is approached from above.
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Preliminary Error Comparison from FHM
S

Fermilab/HPQCD/MILC 24 | | l L
RBC/UKQCD 23 p— i P b
Mainz/CLS 22 p————— e e b
ETMC 22} p— — b— — — —— Y
BMW 21 pb—rm—m—mo—————— r—i EEEE—— —
0.125 O.:'BO 0.175 Of5 110 2l :1 6 llO 210
Y al""V (conn.) Y as*" (conn.) Y aseV (conn.) %Ual"(disc-)
¢ \\N\e compare our preliminary errors with four other recent calculations for
connected contributions in the W window for light, strange, and charm quarks.

¢ [ he fourth panel shows the disconnected contribution summed over flavors.

e Note that the highest precision Is for the largest contribution, light connected.

30
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Conclusions
G ———

+ [here have been a number of papers published since the first white
paper.
¢ \\Ve are expected to produce three pages for this section
e Should be try to cover both intermediate and short distance windows”?

¢ \\Ve plan to cover both flavor specific connected contributions, and complete
contribution to the window(s).

+ Please let us know If we are missing references.
¢ \Ve are looking forward to more contributions that can be added to the comparisons.
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Additional Slides
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Light, Connected Intermediate Contribution
S

e Similar to left graph on slide 4, but
iINcludes result from Fermilab Lattice,
PQCD, and MILC Collaborations.

' - F ilab/HPQCD /MILC 23 - - -
e Light gray points near bottom have ermilab/HPQUD/
D ded RBC/UKQCD 23 - ]
een superseded. I
¢ For the top point, inner error bar is Mainz/CLS 22 - —
the statistical error. Aubin et al. 22 - o
YQCD OV /HISQ 22 - o
YQCD OV/DWF 22 - o8
BMW 21 - —e—|
Lehner & Meyer 20 - e
Aubin et al. 19 - e
RBC/UKQCD 18 -
| | | | |
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a, X 10—19
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