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Lattice OCD Introduction

_ 1
Lacp = ) bp(P+my)yy + 7 Fu
f

$ + discrete Euclidean space-time (spacing a)

> derivatives = difference operators, etc...

+ finite spatial volume (L)

. frie s
finite time extent () Integrals are evaluated

| numerically using monte
adjustable parameters

carlo methods.

% lattice spacing: a=>0 @

% finite volume, time: L=> o, T> L Q

% quark masses (my): M 1at = MH exp @ @ 6’3 Q
tune using hadron masses M ™ Hif,phys Mud Mg me nip

extrapolations/interpolations
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Lattice HVP: Introduction

u

Calculate af'V¥ in Lattice QCD:

p o p, f @y disc
f

* Separate into connected for each quark flavor + disconnected contributions
(gluon and sea-quark background not shown in diagrams)

Note: almost always m, = m,

;/\@\/ + /\/@ @\/ f=ud s, c b

e need to add QED and strong isospin breaking ( ~ m, — m, ) corrections:

- either perturbatively on isospin symmetric QCD background
- or by using QCD + QED ensembles with m, # m
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u L attice HVP: Introduction

¢ light-quark connected contribution:
~90% of total

s,c,b-quark contributions
~8%, 2%, 0.05% of total

¢ disconnected contribution:
~2% of total

Isospinbreaking (QED + m, # mg) corrections:
~1% of total

©

©
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Lattice HVP: Introduction

wond o TI(g?)

Lead| d . HVP,LO_Qde 2\ 7/ 2
eaading order HVP correction: |a = ¢“w(g”) I1(g”)

e Calculate a/fIVP’LO in Lattice QCD

1
Compute correlation function: C(t) = 3 Z(ji(x, t)7:(0,0))

1,

Obtain al'VPLO from an integral over Euclidean time:
I g
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M L attice HVP: Introduction

Target: < 0.5% total error

Challenges:

v'needs ensembles with (light sea) quark masses at their physical values
v finite volume corrections

® continuum extrapolation
e include QED and strong isospin breaking corrections (m, # ma)

e growth of statistical errors at large Euclidean times
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[A. Gerardin et al, PRD 2019]
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https://doi.org/10.1103/PhysRevD.100.014510

HVP: Comparison

u u
HVP QED Weak HLbL SM
a, "~ + [au Ta, T T a, ]]> a,
HVP from:
| | L | L | L L L | LI | 1 /ll | 1 L L [
LM20 | O |
BMW20 —0O— Lattice QCD + QED
ETM18/19 | O |
Mainz/CLS19 , ® , (More on cons§quences c?f
FHM19 | ® BMW20 result in appendix)
PACS19 | ¢
RBC/UKQCD18 | o ® i
BMW17 | | : .
RBC/UKQCD 5 hybrid: combine data &
data/lattice g |attice
BDJ19 O £
J17 I T 5
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2 data driven
DHMZ19 i I
£ o .
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A hybrid method: windows in Euclidean time

Hybrid method: combine LQCD with R-ratio data
[T. Blum et al, arXiv:1801.07224, 2018 PRL]

Convert R-ratio data to Euclidean correlation function (via the dispersive
integral) and compare with lattice results for windows in Euclidean time
intermediate window:

expect reduced FV eftects and discretization errors

tO — 0.4 fm, tl — 1.0 fm 450 I I I T
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L attice HVP: Cross Checks

e Use windows in Euclidean time to consider the different time

regions separately. o =04fm, 1 =10fm
[
Short Distance (SD) 1:0 = ¢, 08 o
Intermediate (W) tity >t o “on
Long Distance (LD) [t = o . A =0.15fm|
0.2 .
o= ——

t [fm]

 Compute each window separately (in continuum, infinite volume
limits,...) and combine

__SD W LD
a, = a, +au +a,u
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L attice HVP: Cross Checks

H. Wittig @ Lattice HVP workshop = 04fm.t. = 1.0f
o— VY. m, 1 — 1. m

_ .SD WY LD A =0.15fm
a,=a, +aﬂ +aﬂ

“Window” quantities (Plots from Davide Giusti)

(t5,1,,A)=(0.4,1.0,0.15) fm (t,,A)=(0.4,0.15) fm (1,,A)=(1.0,0.15) fm
Aubin et al. 19
punetal 18 > PRELIMINARY PRELIMINARY
wbin etal 19 -finestas —o— FHM 20 (prelim., stat. only) o
LM 20 O
BMW 20 o FHM 20 (prelim., stat. only) —E—
FHM 20 (prelim., stat only) —— RBC/UKQCD 20 (prelim., stat. only) O
RBC/UKQCD 18 - ETMC 20 (prelim.) —_——
ETMC 20 (prelim. ——
(prelim.) ETMC 20 (prelim.) o
Mainz/CLS 20 (prelim.) —_———
Mainz/CLS 20 (prelim.) —s—
PRELIMINARY Mainz/CLS 20 (prelim.) O
170 180 1% 200 210 s s 4 4 s a0 s0 w0
auW (ud, conn, iso) * 10" auSD (ud, conn, iso) * 10" au"D (ud, conn, iso) * 100

» Straightforward reference quantities

« Can be applied to individual contributions (light, strange, charm, disconnected,...)
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L attice HVP: results from BMW

[Borsanyi et al, arXiv:2002.12347, 2021 Nature]
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¢ Small statistical errors and large discretization effects (before
corrections)

©

Intermediate window a;v:

-3.7 o tension with data-driven evaluation (KNT)
-2.2 o tension with RBC/UKQCD18

¢ Need to quantify the differences between data-driven evaluations
and the BMW results for the various energy/distance scales
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https://arxiv.org/abs/2002.12347
https://doi.org/10.1038/s41586-021-03418-1

Windows: Euclidean time vs 4/

Martin Hoferichter @ Lattice HVP workshop

to .=. 0.4 lfm, .tl .= |1..O fm

[

1 Un
0.8 - 0.8
i — Ogp .
0.6_ - @Win — 06—
| I @LD B
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A=0.15fm '
0.2 _ 0.2

. | | 0
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179, 1]

percentage captured of 7w channel < 1 GeV

intermediate

window SD intermediate LD
[0.4,1.0] fm 3 28 69
[1.0,2.0]fm 31 51 18
[1.0,2.5]fm 31 61 9
[1.0,3.0]fm 31 65 4
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SD: [0,7,]
LD: [#{, o]
intermediate: (7, 7]

For intermediate window:
~30% from o(zr) < 1GeV
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