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HADRONIC VACUUM POLARIZATION CONTRIBUTION TO THE MUON g — 2
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m Focus on benchmark quantities to compare among lattice collaborations:
Time windows in the Time Momentum Representation [1801.07224, Blum et al.]
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EUCLIDEAN TIME WINDOWS IN THE TMR: ISOVECTOR CHANNEL

Time-momentum representation [1107.4388, Bernecker and Meyer]:
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O(t,t',A) := % (1 + tanh[(t — t')/A])
to =0.4fm,t; = 1.0fm, A = 0.15fm.

Intermediate window:
m Cutoff effects suppressed.

m No signal-to-noise problem.

m 1-3 per-mil uncertainty.
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SOURCES OF UNCERTAINTY

Aim for high-precision determination of a)’jin - need to carefully control all sources
of systematic uncertainty:

m Finite box size

m Unphysical quark masses

m Finite lattice spacing

m Iso-symmetric gauge configurations

m Missing charm and bottom quarks in the sea (insignificant v')
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2 4+ 1 FLAVOR CLS ENSEMBLES
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Scale: Either use 1/tP™* = 0.1443(15) fm [2112.06696, StraRberger et al.] or express
dimensionfull quantities in terms of af, [1103.4818, Xu et al.][1904.03120, Gérardin et al.]
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aﬂ"rp FROM DISCRETIZED VECTOR CURRENTS

m Work in isospin decomposition of the electromagnetic current

-eIm

i = = 2uy,u — tdy,d — 15v,8 + Seyuc+ = j{fl +j£:0 + Zevet ...,

1

Isovector: j,=! = L(uy,u — dy,d), Isoscalar: j,= = (ay,u+ dy.d — 25v,s)

m Two discretizations of the vector current: local and conserved

TP ) = B v(a),
;(w(waﬂ)( FUL)

2

$(o) = T~ )Ule) g o+ a))
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O(a/) IMPROVED VECTOR CURRENTS

m Improved vector currents are given by
Tl () = T (2) + ac (g0) 3,28, (r),  with a€L,C
m Renormalization and mass-dependent improvement of local currents via

J/SL)’?”R(:U) =Zv |1+ 35vamgv + byamg,] JISL)’S’I(I) ;

. b
TSR (2) = Zy [1 +3bvam’ + - a(ma + 2maq)| T (@)

1
+ Zvy <3bv + fv> (Mqs — Mqs) JI(LL)’O’I(m) ,

2
%a
m Two independent non-perturbative determinations of Zy, ¢k, ¢{, by, by:

Set 1: Large-volume, CLS ensembles [1811.08209, Gérardin et al.]

Set 2: Small volume, Schrodinger functional [2010.09539, ALPHA][1805.07401, Fritzsch]

differ by higher order cutoff effects. fy is of O(g$) and unknown.
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FINITE-SIZE EFFECTS

m Finite-size corrections applied to the isovector correlator.

m Correction fort < W: Hansen-Patella method [1904.10010][2004.03935]
» Expansion in the pion winding number.

» Using monopole parametrization of the electromagnetic pion form factor.

m Large distances: MLL [1105.1892, Meyer] [hep-lat/0003023, Lellouch and Liischerl:
» Compute difference between finite and infinite-volume isovector correlator
» Based on the time-like pion form factor.
> Applied at large Euclidean distances — less relevant for ™.

m This is the only correction applied to the lattice data!
Of similar size as statistical uncertainty for afjin.
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CHIRAL-CONTINUUM EXTRAPOLATIONS

m Separate extrapolations of isovector, isocalar and charm contributions.
m General fit ansatz, not possible to resolve all parameters at once:
aV"™ (X, Xr, Xic) = alf ™0, XTP, X32P)
+ Ba X2+ B3 X2 + 8 X2 X +eX2log X,
+ 71 (Xr = X7P) + 72 (f(Xx) — f(XTP))
+7 (XK — X})(hys>
where X, ~a, X, ~m2, XKNm%(+§m3r
m Light quark mass effects: f(X,) € {0; log(X,); X2; 1/X; X log(X,)}
m Dedicated computation of priors for vq (Backup).

m Final result and uncertainties from model average.
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CONTINUUM EXTRAPOLATION AT SU(3)f SYMMETRIC POINT

Isovector, scale f
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m Two sets of equally valid
improvement coefficients.

m No cutoff effects of O(a?)
resolved for Set 1.

m Independent extrapolations
compatible in the continuum
— strong cross-check of our
extrapolations.

m No sign of modification
a? — (as(1/a?))la?
[1912.08498, Husung et al.]
Nikolai Husung's talk
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CHIRAL EXTRAPOLATION OF ISOVECTOR CONTRIBUTION

m f, rescaling, local-local
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MODEL AVERAGES: ISOVECTOR CONTRIBUTION

Isovector contribution m Eight different combinations of
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procedures.
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CHIRAL EXTRAPOLATION OF ISOSCALAR CONTRIBUTION
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CONTINUUM EXTRAPOLATION AT SU(3)f SYMMETRIC POINT: CHARM

My = M ~ 420 1‘\/10\/ m Charm quark included in

3.2 — ‘ |
g setlia — | partially-quenched setup.
set 1: a®>+a?
9g | set 1: a®+a*log(a)-----

m Effect of missing charm loops
estimated to be < 0.02% for /'™

— negligible thanks to
separation of scales.

m Mass-dependent
renormalization scheme.

1.6

0 0002 0'284[fmg] 0006 0.008 001w Show only local-conserved

current, large cutoff effects for
local-local.
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COMPARISON WITH LATTICE RESULTS FOR a}"™'*
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m Tension with EMTC 21 and RBC/UKQCD 18 estimates for a}; ™™ mainly from light
quark contribution. EMTC 22 and BMW 20 consistent with our result.
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ISOSPIN BREAKING EFFECTS IN (Lz‘yin
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m QEDy -action [0804.2044, Hayakawa
and Uno] for IR regularisation,
Coulomb gauge.

m Reweighting based on
perturbative expansion
[1303.4896, de Divitiis et al.] in
Ae =¢ — 0
(Amy, Amg, Amg, AB = 0, €?)

m Ongoing effort [2112.00878, Risch and Wittig]: four ensembles included, so far.

m B in scale setting [2112.08262, Segner et al.] and QED-FV effects to be considered.

m Uncertainty on relative correction 0.3(1)% doubled in final result for ;™.
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COMPARISON WITH RESULTS FOR a}/™

m Isospin-breaking correction +(0.70 + 0.47) x 10~1% included:

A% = (237.30 + 0.794a1 % 1134y % 0.05¢ % 0.471) x 10710

" e~ ETMC 22
@+  Mainz/CLS 22
AP ETMC 21
—e—  BMW 20
—e— RBC/UKQCD 18

—e— Colangelo et al. 22 (R-ratio)

230 235 240
ayim x 10710

m 3.90 tension with data-driven estimate in [2205.12963, Colangelo et al.].

B Genuine difference between lattice and data-driven results?
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CONCLUSIONS

m We observe tension with data-driven estimates for aﬁin.

m Systematic effects from continuum extrapolation seem to be under control:
» Non-perturbative O(a) improvement
» 6 resolutions < 0.1 fm with a2, /a2, > 6.
» Two discretizations of the vector current, two sets of improvement procedures.

» So-far no sign of logarithmic corrections to a? scaling.

m Uncertainties from chiral extrapolation and finite-volume correction are
subleading.
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OUTLOOK

m Investigation of other windows might help to clarify the situation.

m Short-distance window:

» Cutoff effects from short-distance singularities need proper treatment
[0807.1120, Della Morte et al.][2106.15293, Cé et al.] Rainer Sommer’s talk.

» Systematic uncertainties will dominate and need to be properly estimated.
m Sub-percent precision on aﬁVp needs reduction of our statistical uncertainties.

m Application of variance reduction techniques at physical pion masses in
progress: Low Mode Averaging and information from =-7 scattering analyses
(see Srijit Paul’s talk).
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THE CHIRAL TRAJECTORY

m The light and strange quark mass dependence is parameterized via

m2

X7T = U p— s 5 X = p—

2 1,2
mK+§m

m _2 1
87Tf12<ﬂ. ’ Where.fKﬂ_3(.fK+2f7r)

when using f, rescaling.

B 2am + amg = const on our ensembles. This implies X ~ const up to O(a) and
NLO xPT effects.

m Correct for small deviation AXx = X}}hys — Xk in global fit.

m No independent variation of the Kaon mass, fit parameter -, not stable.



CORRECTING THE MISTUNING OF THE CHIRAL TRAJECTORY
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m Explicit computation of ¢ = dé‘;??.
m Based on mass-derivatives d<0> and a

first-order Taylor expansion [1608.08900,
Bruno et al.].

m No cutoff or quark mass effects resolved.

m Use results as priors for fit parameter ~.

» No significant strange quark mass
dependence for o}/

> Negative contribution for a}y™.

m Results confirmed by pheno estimates.
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MODEL AVERAGES: ISOSCALAR CONTRIBUTION

Isoscalar contribution (without charm)

o0 m Eight different combinations
No rescaling | fr rescaling l f)f discretization and

49 - ‘ .7 improvement procedures.
S 48l : ] ]l 11 m Model averages in each
X 1 s | t [ category, including
% e ! . .
S 4k ]’ i ' g systematic uncertainty from
Es choice of fit model.

S IS S e 7 = Final result by combining L

R O, and C of Set 1.
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CHIRAL EXTRAPOLATION OF CHARM CONTRIBUTION

aE‘in,c X 1010
3.2 T T T T

\ m m, not constant on our
- ensembles.

m Charm mass set via D..

m Extrapolation in
q)g - 8t0m72r

2.8

2.6 5—334 .
5 =340 m Effect of missing charm
8 =346 loops estimated to be
2.4 B =355 e win
B=385 e .
2.2 w w w w \ \ ‘ ‘ ‘ — negligible thanks to
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@24 : : : : separation of scales.
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