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Methodology
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* Calculate G,, — 11, _,
. Use Padé to extend TI(Q?) to small Q

HVP,LO
* Integrate to get a,



Lattice parameters

~ a(fm) M_(MeV) | size |N.onfio
—nsembles 0.15 133 | 323x48 | 997
0.15 135 | 323x48 | 9362
2.14+1 sea 0.12 133 | 483x64 | 998
0.09 128 | 643x96 @ 1557
0.06 134 |963x192| 1230

. 4%
Valence: here only m, = m; = m, so only a,

Lattice spacing a/w, IS known to 5 per mille.



Correlator example

 0.15 fm analysis

* Higher statistics has
obviously improved
the signal in the tall




Dealing with noisy data at large t

* Bounding method: 2 pion contribution for t > tc
[RBC/UKQCD, BMW, Mainz/CLS (improved)]

 Hybrid R: Replace with contribution from
R = o(eTe™ — hadrons)/c(eTe™ — u u™)

[RBC/UKQCD]

 (Here) Fit met
hight > t* vall

glele}

es W

-1t low t data and replace

ith an extrapolation



Compare bounding and fit methods

« Agreefort> 2.3 S Fit method
fm 555555555%%%%%
EEEE
e Fit method stable
for1 <t <2tm

t or t, (fm)



f fit method

200 Chiral Model

Synthetic data test

 (Generate synthetic
data set based on a
chiral model with rho
plus staggered 2 pion
states

e Fit with only two states
(red curve) agrees
perfectly with model
(blue curve)




Corrections

» Use staggered chiral model to

correct for

_enke — KNT 1802.02995

a~0.15 fm
. . ~0.12 £
e Finite volume effects 2~ 0,09 fin
) e a ~ 0.06 fm
e Discretization due to taste- corrected —, _guy
Sp|lttlﬂg raw ——— ¢ e

— Ay

 Quark mass tuning o _gay
—suls
e Subtract lattice # — & contributions
and replace with physical 7° — z°
contributions.

e Nice agreement with
phenomenological R method

(black lines) nth Taylor coefticient



Light-light extrapolation

om i\ 2
a/il(latt) — a/il(COIlIl.) I+ C, Z Tf + C.2 (a]z-Z) ]
f=Ll,s,c
« A =500 MeV

with FV + discretization corrections
and M_ adjustment

e Priors

¢, = 0.0(3)
¢, = 0(1)

* Result
a’’(conn) = 630.1(8.3)
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Stability of the continuum extrapolation

central fit

+ higher-order terms

constant fit

2x prior widths

no constraints
no a ~ 0.15 fm

no correlations
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Comparison of light-quark-connected
contribution

FNAL/HPQCD/MILC
2019

Aubin et al., 1905.09307
Mainz/CLS (N, =3
1904.0{’)120 ( / )
PACS, 1902.00885
ETM, 1808.00887

RBC/UKQCD
1801.07224

BMW, 1711.04980

Mainz/CLS (N, =2
1705.0/1775 ( / )
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10 1 oy
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e« Small error results from small error in fit-method
extrapolation and finite-volume correction



Error budget - light-quark connected

Lattice spacing uncertainty (wo) 0.8%
Monte Carlo statistics 0.7
Continuum extrapolation 0.7
Finite volume and discretization corrections 0.3
Current renormalization 0.
Chiral interpolation 0.
Strange sea quark mass adjustment 0."
Pion mass uncertainty 0.0

Total 1.3%




Comparison of light-light Taylor
coefficients

Fermilab/HPQCD
JMILC 2019

ETM
1808.00887

RBC/UKQCD

1801.07224

BMW ——
1612.02364

0.16 0.18 0.2 0.22

0.09 0.095
—11Y (GeV)™

T (GeV) ™




Adjusting to get the total u-d RHVP
contributionr
All values x 10710
M(z") - Mz 4.3
T — T disconnected -7.9
Total T — 7 -12(3)
p —w disconnected -5(5)
Strong isospin breaking 10(10)
Electromagnetism 0(5)
Total adjustment -7(13)

Net a/* = 623.1(8.3)(13.0)



Including the s, ¢, b contributions

light 623.1(8.3)(13)
arXiv:1403.1778
strange 93.40(60) arXiv:1208.2855
charm 14.40(40) arXiv:1408.5768
bottom 0.270(40) Dan Hatton Mon 4:30 PM

Net a,'V'~0 = 691(15)



Total LO HVP result

610 630 650 670 690 710
10, HVP
10~a,; ** (LO)

730 750

no new physics

FNAL/HPQCD /MILC
2019 /HPQCD/

Mainz /CLS (Nf = 3)
1904.03120

PACS, 1902.00885

ETMC, 1808.00887

RBC/UKQCD
1801.07224

BMW, 1711.04980

Mainz /CLS, 1705.01775

HPQCD/RV
1601.03071

Keshavarzi et al.
1802.02995

Davier et al., 1706.09436

Jegerlehner, 1705.00263

Benayoun et al.
1507.02943




Progress with disconnected RHVP

a = O.lme, m; = T phys

0.000010

Fit to “w-like” states minus “p-like” states

Replace data with fit for t > 2 fm
80% of result is from data.



Progress with disconnected RHVP

results
corrected
for m-tastes,
finite-vol.

uncorrected

results

0 0.000 0.005 0.010 0.015 0.020

2 2
BMW: 1711.04980 a*[fm”]

RBC/UKQCD:1801.07224

See less a dependence than for BMW.

Results at 0.09 fm will allow an accurate continuum result.
We find isospin breaking effects in disconnected correlaters
are relatively large.



Outlook
e Further reductions in the LO HVP require

 More accurate lattice spacing determination
e Better control of strong isospin breaking
o Better control of electromagnetic effects

e Better statistics -> better control of the continuum
extrapolation

 Reaching 0.5% uncertainty Is feasible over the next
couple of years






Stability of fit method

o Stability against
variations in the
number of states
and tmin

e a~0.09m




