Systematic errors in the determination of the
hadronic vacuum polarization contribution to the muon
anomalous magnetic moment from lattice QCD
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https://indico.cern.ch/event/956699/

Where we stand in November 2020
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The connected light quark contribution
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Time - momentum representation (semecker and veyer
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Long distance contributions and the statistical error
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Correlator reconstruction: Mainz, RBC/UKQCD
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Bounding method

Original method BMW-17,20, RBC/UKQCD- 18
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Finite volume corrections

Finite volume (FV) effects dominated by long distance effects from two pion states
Difference of ! (t) computed in FV and! volume using yPT and/or model

For 5.5 fm box and physical pion mass, NLO xPT estimates about 20 x 1010
and the NNLO correction is roughly % as large

Direct lattice calculations suggest NLO ChiPT underestimates by about 1.5-2 x
Several groups using Lellouch-L#$cher-Gounaris-Sakurai for ! (t) to estimate FV effects

PACS-19 and BMW-20 use $= 10 fm lattices



Finite volume corrections

RBC/UKQCD-18 3.7 NLO chiral perturbation theory,
higher order xPT  $%5.5 fm
BMW-20 18.7(2.0)(1.4)(...) Lattice, NNLO yPT, LLGS,
statistical, CL, ... Rer = 6.272 fm, ;g = 10.752 fm
Mainz/CLS-19 Lattice, LLGS
$%2.8-4.1fm
Aubin-20 4 NNLO yPT
higher order yPT $% 5.5 fm (MILC)
ETM ’'18/19 6.2 Lattice, dual-nt model (gH duality + LLGS)
$% 2-3.5 fm
PACs ‘19 Lattice, NLO ¥ PT
$%5 and 10 fm boxes
FHM-19 0.6 % NLO yPT + higher order model

higher order yPT $%0 5.5 fm (MILC)
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PACS-19 finite volume correction

$=5.4, 10.8 fm
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Discretization Errors

Collaboration error on a, (x 109 Lattice spacing set from

RBC/UKQCD-18

BMW-20

Mainz/CLS-19

Aubin-20

ETM-18/19

PACs-19

FHM-19

2.8,1.5
CL, scale setting

0.5, 3.7,
CL, NNLO

5
(incl. chiral extrap.)

5,54
(CL, scale setting, NNLO)

4.9
(incl. chiral extrap.)

11
(const, linear (#) fit)

0.7,0.8%
(CL, scale setting)

Mg : 1.730 (4), 2.359(7) GeV
&= 0.17236(63) fm (Mp)
"k 1%

From FHM-19

0.0885(36), 0.0815(30),
0.0619(18) (3-4%) fm ("))

( =: 2.33,3.09 GeV

&= 0.1715(9) fm (',)
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Mainz-19 continuum (+chiral) limit ( f,)
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ETM 18/19 continuum (+chiral) limit ( f,)
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RBC/UKQCD-18 continuum limit ( M, )

» Third lattice spacing for strange data (a=! = 2.77 GeV with

450 - m, = 234 MeV with sea light-quark mass corrected from global fit):
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* 1.730 GeV results differ by a few percent from continuum limit
e 2.7 GeV lattice underway to compliment 1.730, and 2.369 GeV
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PACS-19 continuum limit ( Mz )
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Aubin, et al.-20 continuum limit ( f, + w,, from FHM 19)
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FHM 19 continuum limit ( . + w;)
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BMW 20 continuum extrapolation ( Mq + w)
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* Includes strange contribution
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 Statistical and systematic errors
important
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Isospin symmetry breaking
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Isospin symmetry breaking corrections

V+S (+57) F (+D3) M
BMW-20 -1.27(40)(33) -0.55(15)(11)  6.59(63)(53)
ETM-19 1.1(1.0) 6.0(2.3)
RBC/UKQCD-18  5.9(5.7)(...) -6.9(2.1)(1.4)(...) 10.6(4.3)(...)
FHM-19 1.5(7) % #,"
LM-20 9.0(0.8)(1.2)

statistical errors large (except BMW-20, LM-20)

Spread is relatively large
FV effects can be very large ($%&864 LM-20)
large cancelations

o)

-4.63(54)(69)
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Towards precise comparsions: the window method
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Strange and charm contributions

Seem to be in good shape
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To reach desired precision (2-5 per-mil?)

e Strange, charm contributions in good shape (will not resolve issues)

* FV corrections (L > 6 fm) reliable (NNLO yPT, LLGS, HP)
| Important to have a big box (BMW, PACS use $%10 fm)

e Statistical precision top priority for DW, TM, Wilson (in the works)
I Improved bounding method using low-lying states for long distance tail

* Must work directly with physical masses (most groups already)

* More, more precise disconnected and IB calculations needed
I Some spread in results, not all diagrams computed

e Continuum limit and scale setting (per-mil) crucial.
| At least 3 lattice spacings in #2-scaling regime
I Are (N)NLO and LLGS taste corrections enough?
I All groups need to investigate windows in Euclidean time
I Is', good enough (EM corrections)?

24



