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© Motivations



Reference SM value of a,, = (g — 2),/2

aiM _ aSED + a‘Zad + aLveak
\\/j \/
o(107%) o(1077) o(107?)
had __ _LO-HVP HLbyL NLO-HVP
a, =a, + ay +a, + ...

~o(107) o(107)

* QED effects
Inside the hadron

HLbyL NLO-HVP

NS A

o Non-perturbative QCD (g2 = 0 and m,, < 1GeV)

e phenomenological approach
o lattice QCD

o Consensus (pheno+lat) for hadronic LbylL

SM contrib. aﬁ,’""'b' x 1010
HVP-LO (eTe™) 693.1 £ 40
HVP-NLO (ee™) -9.83 £ 0.07
HVP-NNLO (ee™) 1.24 £+ 0.01
HLbL-LO (pheno) 9.2 + 19
HLbL (lattice usd) 7.8 + 3.4
HLbL (pheno+lattice) 9.0 + 1.7
HLbL-NLO (pheno) 0.2 + 0.1
QED (5 loops) 11658471.8931 4 0.0104
EW (2 loops) 1536 =+ 0.10
HVP (ete™, LO + N(N)LO) 684.5 £ 4.0
HLbL (pheno + lattice + NLO) 9.2 + 1.8
SM Total 11659181.0 + 43

SM results as stated in the White Paper (Aoyama et al. 2020)
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https://doi.org/10.1016/j.physrep.2020.07.006

Reference SM result vs experiment

BNL g-2
FNAL g-2

——.—
Experimental

verage
< 42 >
—
White Paper

Standard Model

175 18 185 19 195 20 205 21 215
a, x 10° - 1165900

@ Reference SM computation and experimental average (Abi et al. 2021) have ~ errors but 4.20 disagreement:

a® — aM = 0.00116592061(41) — 0.00116591810(43) = 0.00000000251(59)

@ Important to check the most uncertain contribution (HVP) with a fully independent method — lattice QCD.
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https://doi.org/10.1103/PhysRevLett.126.141801
https://doi.org/10.1038/s41586-021-03418-1

Reference SM result vs experiment

BNL g-2
FNAL g-2

———————— @&
Standard Model with  Experimental
BMWec lattice LO-HVP Average

< 12c >

—
White Paper
Standard Model

175 18 185 19 195 20 205 21 215
a, x 10° - 1165900

@ Reference SM computation and experimental average (Abi et al. 2021) have ~ errors but 4.20 disagreement:

a® — aM = 0.00116592061(41) — 0.00116591810(43) = 0.00000000251(59)

@ Important to check the most uncertain contribution (HVP) with a fully independent method — lattice QCD.

o First lattice result of a, below 1% precision (BMWc'20) between WP and measurement.
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Reference SM result vs experiment

BNL g-2
FNAL g-2

Standard Model with  Experimental
BMWCc lattice LO-HVP Average

¢ 12c >

White Paper
Standard Model

175 18 185 19 195 20 205 21 215
a, x 10° — 1165900

@ Reference SM computation and experimental average (Abi et al. 2021) have ~ errors but 4.20 disagreement:
affp - aiM = 0.00116592061(41) — 0.00116591810(43) = 0.00000000251(59)

o Important to check the most uncertain contribution (HVP) with a fully independent method — lattice QCD.
o First lattice result of a, below 1% precision (BMWc'20) between WP and measurement.
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Outline

© How to define the HVP on the lattice
@ Lattice QCD
@ Time momentum representation
o Euclidean window



Lattice-QCD'’s key points

o Lattice = euclidean tool = t — —ixg
@ Spacetime is a discretized on a lattice
with
o size 3x T
e spacing a

= no UV divergences.

L T ]
Site—e .
Plaquette ——x e
*
Link——o Uy, (m
L
m
nFl
2 ;
L. I l
v n n -

U},(x) : eiugAy(x-ﬁ-a/Z)

Uy, (x) = Uu()U, (x + ag) U} (x + av)Ui (x)

. . . . . 0
Define discretized fields and actions s.t. Sjat AN Sk, e.g.

6 a—0 a
Sw==5 D Y ReTr{l—Uu()} =%} [ d'x(FL,)?
xXENE p<v
iff 3 =16/g2.

At finite a, L, T, define obs. of interest O\aq—’L with same
quantum numbers as in continuum.

Expectation value (0) is well-defined:
() = / pUDIDYe ) TP Bpu )

- /DUe*SG det(D[M]) O[U]

DUe =56 det(D(M)) > 0 and dof's being finite, (O) can be
computed numerically using stochastic methods.

LQCD — QCD when mgq — mghys, a— 0, and L — oo.
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Lattice-QCD’s many recipes for...

@ Set of physical observable used to fix lattice
parameters my, mgy, ms, mc, g, €

o Improved actions

Cutoff efFe(Ets depend on definition lattice action s
and fields ¢. One can define improved actions and

fields
r
Simp = S + /d4x Z C}S) O;S)(X)
j=1

and tune coefficients such that O(a") discretization
effects in a given observable disappear.

E. g. Luscher-Weisz action = improved Wilson
action to remove O(a?) effects.

X6 x12 x16 x48

Fermions
Naive discretization of Dirac action leads to
propagator with 16 poles!

- ml—ia—! Z Y sin(p“,a)
S = =
F(P) m2+a—2 Z sin2(py, a)
"

Some solutions:

o Staggered fermions (reduced number of doublers)

o Wilson fermions (modify chiral symmetry)

o Domain wall fermion (4 space dimensions)

e Overlap fermions (similar to Wilson)

o Twisted-mass fermions (explicitly violate chiral symmetry)

each with # discretization effects, computational
costs, systematics, ...

Boundary conditions (periodic, C*, ...)
Smearing gauge fields (4Stout, Hex, ...)

Adding QED (QED;, QED,, QEDc¢+,...)

All prescriptions must lead to the same physical results
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https://doi.org/10.1016/0550-3213(85)90002-1

Lattice definition of a,

LO—-HVP

@ From (Blum 2003)

0 > 2 B 2
aﬁ“Z/ ﬂW<Q>\<Qz)fn() w(r) = L2 )
0

i\ m, - r(r+4)

Q)
@ In Euclidean space the polarization tensor is a real function of Q2 >0:

nwwzé/wwwwwuw = (QuQ — 50 Q?) (@)

O(4) inv. and current conservation

where (...) means 1p/, QCD+QED expectation value.
© Electromagnetic current: J, /e = Zf QrGr(x)y.q(x). Consider f = u,d,s, c.

° ac'”'"‘ ~ 1% of total a;, — must be included

bcttom

° a; computed in (Colquhoun et al. 2015)

o aiP negligible.

@ Chose @ = 0 and average over space positions, M(Q?) = Z/ 1 Ni;(Q)
3
@ In a finite volume V = L*: 1,,(0) # 0 — | M, (Q%) = L Z [ML,i(Q) — My i (0)]
= : Iy L = 3Q2 L,ii L,ii
i=1
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https://doi.org/10.1103/PhysRevLett.91.052001
https://doi.org/10.1103/PhysRevD.91.074514

HO=i2 : time-momentum representatlon

Lattice definition of a,
@ Define current-current time correlator (¢ = u, d and L denotes finite volume)
3
3
a IsC
=2 D G0 = () + CH(E) + CE(D) + € (e)
i=1 %
2

Cu(1)
@ Perform a Fourier transformation and (Bernecker and Meyer 2011) obtain
oo
C(t) = N(@) = dt | —
Jaw = i@ = [ a5

0 iQot_l
I'IL(Q2):/ dt (‘97
0 Q2

° Separate ap = aH(QQ < Q%ax) + aM(Q2 > Qr2nax) + ’YH«(Q ax)n(omax)
lattice pQCD c.t.
@ For a given component f = u,d, s, c,disc 0.016 () (&)/my
Light —e—
R Strange (:b; s
T/2 0012 g ‘*_‘ Charm (x6)
2 . 2 f X,
u(Q < Qma><) = lim o%a E (t Qmax) Cr(t) "
a0 0.008 | 17/ ¥ . B
L,T—o0 A o . 5
i . %,
4 % ii,
0.004} 7 % .
Qrznax dQ? @ 2 2 Qt 4 S
49 W e [5 — G sin (7)} F IH
0 T 25
[fm]

0 my,

with K(t, Q2 ,,) = f
@ Sum over f and add remaining contributions
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Euclidean window

In (RBC/UKQCD 2018) authors propose to split a;, = azD + a)’y + a'[LD

asP :o;/ dt [1— O(t, to, A)|K(t)C(t)
0.8 L ]
0
0 .06 [ b
a) :az/ dt W(t; to, tr, A)K(t)C(t) ® ol E
0oo 02 [ B ]
ahD 2042/ dt@(t, tlvA)K(t)C(t) 0055~ 6.5 t(f) 0 s
O m,

where

W(t; ta, tp, A) = O(t; ta, A) — O(t; tp, A)
O(t; ts, A) = 1 + LTtanh[(t — t,)/A]

These contributions can be compared to R(s) via

2.5 3 3.5 4
E [GeV]

1 * _
C(t) = @/ d(v/5)R(s)e™ V<t (arXiv:2212.10490, ETMC)
0
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https://doi.org/10.1103/PhysRevLett.121.022003
https://arxiv.org/pdf/2212.10490.pdf

Euclidean window

In (RBC/UKQCD 2018) authors propose to split a;, = azD + a\"y + a'[LD

0o 40 T T cyw
SD 2 o oSt e o
a, =« dt[1 — ©(t,0.4fm,0.15)]K(t)C(t) 350
0 300
o0 e 250
a) :a2/ dt W(t; 0.4fm, 1fm, 0.15)K(t) C(t) % a0 .
0 150 \
oo 100 [ \
LD _ 2 50 AN
a, =« / dt ©(t, 1fm, 0.15)K(t)C(t) L ~_
0 0 05 1 15 2 25 3 35 4 45
t/fm
Where 1E+05 % C(t) w; B(t,1 vslmr?b%(g!r:v)‘ B
1Ev0a | %, C(t) wy [1‘-9(1.0.4|m,0.15fm)] |
W(t; ta, tp, A) = O(t; ta, A) — O(t; tp, A) 1E403 |-
1E+02 b
O(t; ta, A) = 1 + Ltanh|[(t — t.)/A] =
1E+00 N B
1E-01 - - 4
These contributions can be compared to R(s) via 1602 |-
1E-03 N
1 [ _ _
C(t) = ey d(\/E)R(S)e Vst o ' sart(s) / GeV * o
1272 |,

(RBC/UKQCD 2018)
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© Common challenges
@ Statistical Noise
@ Setting the scale
o Finite volume effects
@ |sospin breaking corrections
@ Continuum extrapolation



Major challenges of a lattice computation of a,

The high precision required for a, poses some common problems:

O Long distance contributions and noise reduction— Statistical noise in C/4(t) and C{*(t) increases
exponentially with t = error at large t must be reduced.

@ Scale determination — Relative error in the lattice spacing propagates into ~ twice relative error in a;,. =
Severe requirements for scale setting.

@ Infinite volume effects — a;, is very sensitive to the lattice size L: the general rule ML > 4 is not satisfactory.
© Continuum extrapolations — Continuum limit very challenging at this level of precision.

© QED and strong isospin breaking — Unquenched QCD in the isospin limit m, = my is not satisfactory for the
desired level of precision = isospin breaking effects must be included up to first order in isospin breaking
parameters ém; = my — my and a.

8/17



Major challenges of a lattice computation of a,

The high precision required for a, poses some common problems:

O Long distance contributions and noise reduction— Statistical noise in C/(t) and C{*(t) increases
exponentially with t = error at large t must be reduced.

@ Scale determination — Relative error in the lattice spacing propagates into ~ twice relative error in a,. =
Severe requirements for scale setting.

@ Infinite volume effects — a, is very sensitive to the lattice size L: the general rule ML > 4 is not satisfactory.
@ Continuum extrapolations — Continuum limit very challenging at this level of precision.

© QED and strong isospin breaking — Unquenched QCD in the isospin limit m, = my is not satisfactory for the
desired level of precision = isospin breaking effects must be included up to first order in isospin breaking
parameters dm; = my — my and .

@ The next slides will discuss mainly the solutions adopted in (BMW 2020)
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https://www.nature.com/articles/s41586-021-03418-1

Long distance contributions and noise reduction

Problem: Exponentially increasing noise-to-signal ratio in C&"t(t) and C95¢(¢t), with N/S ~ e(Mo—Mx)t (parisi'as,

Lepage’89).

Solutions:

o Low/All Mode Averaging (LMA/AMA) with n large enough to cover essential physics.

o Modeling/bounding the tail:

o Bounding method: 0 < C"8"(t) < Cle"(¢,) e~ F2r(t=%) (BMW 2017, RBC/UKQCD 2018, BMW 2020)
Chose t. such that it minimizes statistical error in the range where upper/lower bounds become consistent.

o Improved bounding method: C8"(¢) = Cle"(¢+) —

(Mainz 2019)

o Use large statistics

Bounding method

660

640 -

lower bound

2 25
tew [fm]

upper bound

660

640

620

580

560

540

Improved bounding method

;iEHUjiHiH%“H!HHHHHHH

lower bound ——
upper bound

) 2 25
tew [fm]

(Mainz 2019)

(a/m,)PK(tm,) C"(t) x 10'° [fm""]

N
o
[S)

w
=3
S

200

100

2 - N
Z:’Zl \’;En\ e*Enf' then 0 < Chght(t) < Cllght(tc) e*EN+1(t*tC)

da_jdt [BMWC17] —

™ daydt BMWC'20] ——
My B
A
J :
+ *,
h ;
A
. 3
+ ‘¥§
' + f}
]
N
*
0 1 2 3 4
t[fm]
(BMW 2020)
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https://arxiv.org/pdf/1904.03120.pdf
https://www.nature.com/articles/s41586-021-03418-1

Tuning of the parameters of QCD

Lattice computation with 2+1+1 flavours, including IB effects O(myg — my) and O(a) — 6 parameters need to be
fixed in order for any prediction to be a physical one:

@ quark masses my,, mg, ms, me,

@ the overall mass scale (lattice spacing a),

o electric charge e.

The uncertainty on the lattice scale A significantly affects the uncertainty of ay:

Bu) BA | Ba g B i 2017)
dn' A a A

= to reach 1% precision on a, the scale must be determined at few permil uncertainty.

Aa, = |A

1122 - - Lattice spacing in (BMW 2020)

1.121 m H A A
e "h] .Vtu e a= (Mﬂf)/Mgf, with Mg computed in lattice units
g e rt ."m o o Three different operators for Q (different taste formulations):
g e mm Y n + masses consistent in the error
8 1117 g .
T el O B Eﬁ:]zﬂll o Fit windows chosen by a Kolmogorov-Smirnov test
= By, EPE{; B .

1115 E}J : I @ Omega masses extracted via four-state fit or GEVP

1 .
e @ Same methods used to fit the masses of pseudoscalar mesons
e 8 10 12 14 16 18 8 10 12 14 16 18 8 10 12 14 16 18 needed to fix the quark masses: Mﬂ-j: y Moo, Myt , Mo
ta t/a t/a

10/17


https://arxiv.org/pdf/1705.01775.pdf
https://www.nature.com/articles/s41586-021-03418-1

Finite-volume effects

o Finite-volume (FV) effects are dominated by long distance effects from 77 and p
o Largest source of uncertainty (1.9%) in (BMW 2017) — dropped to 0.4% in (BMW 2020)

o Even in large lattices, L ~ 6 fm, T ~ 9 fm, the distortion attributable to FV effects is estimated (using
NLO-XPT) to be about 2% (Aubin et al. 2015)

o [au(Lbig, Toig) — ap(Lref, Tref)] is computed in lattice QCD, using a coarse lattice spacing, to bridge the gap
between reference volume and larger volume with Lyig = Ty, = 10.572 fm.

@ Phenomenological models (NLO XPT, NNLO XPT, MLLGS, HP, RHO) are verified by comparing to lattice
result above, then used to compute [ay (00, 00) — au(Lyig, Thig)]-

4HEX NNLO-XPT
alu((oO7 oo) —_ au(Lreﬁ Tref) — o = N
+ [au(l-bigv Tbig) - aM(Lrefv Tref)]4HEX N ]
+ [a1 (00, 00) — a.(Lbig, Thig)INNLO-XPT E A = |
NLO XPT | NNLO XPT | MLLGS HP RHO
aM(Lblgv Tblg) aM(Lref: Tref) 11.6 15.7 17.8 - -
ap(Lbig, 00) — au(Lref, 00 11.2 15.3 17.4 16.3 14.8
ap (00, 00) — au(Lbig, Thig) 0.3 0.6 _ _ —
au(oo 00) — ap(Lpig, 00 1.2 1.4 — 1.4 1.4
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https://doi.org/10.1103/PhysRevLett.121.022002
https://www.nature.com/articles/s41586-021-03418-1
https://doi.org/10.1103/PhysRevD.93.054508

Inclusion of isospin breaking effects

e

Computed by expanding (O(e, dm)) at first order in o = £ and 6m = my — m,, (de Divitiis 2013), with dynamical QED included

4
in the QED; Hayakawa and Uno 2008 scheme:

J1dUl[dAle A detsy (1+ &, 5521 + 25522) (0 + 220}, + €,0; + €20, )

detsq s detsqy
— S, [U — S A dets’y dets”y
f[dU]e gl ]f[dA]e (4 detsy (1 +esqmy T e? Tetsg )
Connected Disconnected

+e§<[00—<00)0]%>0 = (O, Q Q QO QO

where dets[U, A; {mr},{qr}, €] = HF det M¢[Vye A me]Y/* (My fermionic matrix), Oy = O(0,0), O/, = m9smO|(0,0),
O} = 8e, O(0,0) and O = 382 Ol(0,0)-
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https://doi.org/10.1103/PhysRevD.87.114505
https://doi.org/10.1143/PTP.120.413

Taste breaking effects and extrapolation to the continuum

ahvpad 5 1010
@ Most important discretization errors: taste-breaking effects in the S0y e x

pion sector. w

o Taste breaking effects as a function of a scale more like a*, faster oo i i
than expected asa® (Lepage 1998). :

500

Correct effects using staggered versions of the effective theories that
work well to describe FV effects. (NNLO-XPT and the MLLGS and RHO
models + staggered analogues: NNLO-SXPT, SMLLGS and SRHO).

400 |

300 5-370+ 52#2;/3
0 002 004 006 008 01 012
Y
@ Improve the continuum extrapolation without modifying the . . e
. - . . S Chiral + continuum limit
continuum-limit value (they vanish in the continuum limit).

- / (Mainz 2019)
o Applied to Clght(t) and C¥isc(t).

30
E E—
$ 660 o eee _
s 640 % 5o Tl Frtaste
T3 20 °° o T
g . —
e 620 & ~ L S
= 8 = RHO(>0.4fm) —&— \ . .
£ 0 15 22600 RHO(>1.31m) —E— ~_ FV +taste + m, mis-tuning
s L © SRHO({ & 3fm)+NNLO(>1.3fm) —E— no correction ™S
£E o none —A— 580 VA
HE 580 & *
=8 560
£ 5 560 — By
S F 540 i 2 0 0.004 0.008 0.012 0.016
0 L a? (fm?)
200k 150k 100k 50k O 0.005 0.01 0.015 0.02
#its afim?) FV effects corrected point by point
(BMW 2020) (Aubin et al. 2020)
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Outline

@ State of the art
e BMW 2020
@ Results on the window observable



Results for a'l'tght, aff'a“ge and aﬂ'sc

5| disc
a
53.4 strange
. a,
53.2
o SRHO(>1.3fm) —&—
620 Sﬁﬂg :?Zg:m —e— 53.0 SRHOE)OMM) —a—
8 528
6
4 526
2 52.4
0 0.00 [,
A -0.01
2 -0.02
3| qgedvalval, e '°'°§ 15| gedvalval, e’E
0.10 oo 0.10
0.006
0.05 008 |
0.003
0.00 . 0.00
0000 f..........
-0.05 0003 -0.05 5
010 | qed sea-val, e°F - 040 | qed sea-val, e?F
-0.006
1.0 0.04 0.10
05 b g 0.02 208
00 ) 0.00 |- 0.00
05 002 T B T +
1.0 | gedsea-sea, e’G 004 | gedseasea, e?G 010 | ged sea-sea, e°G
0.000 0.005 0010 0.015 0.020 0.000 0.005 0010 0015 0,020 0.000 0.005 0010 0015 0.020

a?(m my afm?
Figures 25, 26 and 27 in (BMW 2020): continuum extrapolation to a';'fht(L,ef, Tief), aif"""ge(L,ef7 Tref) and a‘:;sc(L,ef, Teef). First
window is total result form type-| fit, other windows are IB decompositions from type-I| fits.

2
1
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https://www.nature.com/articles/s41586-021-03418-1

Results for all the components of a,

Isospin symmetric

light d strange connected charm disconnected
633.7(2.1)(4.2) 53.393(89)(68) 14.6(0)(1) -13.36(1.18)(1.36)

QED O..O Strong isospin-breaking
isospin-breaking: m @l
valence connected disconnected

connected -1.23(40)(31)  disconnected -0.55(15)(10) 6.60(63)(53) -4.67(54)(69)

IQOOI w QOO0 Fe

bottom; higher order;

-bi ki erturbative
isospin-| r:a ing: perturbati

0.11(4]
connected 0.37(21)(24) disconnected -0.040(33)(21) @
QED Finite-size effects
. o | . . isospin-symmetric
|sosp|n.break|ng. 18725)

mixed

isospin-breaking
connected -0.0093(86)(95) disconnected 0.011(24)(14)

0.0(0.1)

(BMW 2020)

15/17


https://www.nature.com/articles/s41586-021-03418-1

Comparison

lattice —8—
——

ABGP'22 wony [ = — "]
BMWc'20 [ - :
Mainz'19 — |

FHM'19 —a 1
ETM19 | —a—— 1
RBC'18 |- —
BMWc'17 | —— 1
DHMZ'19 | - : 1
KNT'19 | =] : 1
CHHKS19 | & no new physics

660 680 700 720 740
1019 % aI;lO»HVP

o (BMW 2020) Consistent with other lattice results
o 2.10 larger than R-ratio average value (White Paper 2020)

o Consistent with a;, measurement at 1.50 level (possible “no new physics” scenario)
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Window results

@ Less challenging than full a'ﬁo’HVP

e much better signal/noise — stat. err. (< 0.2%)
o much smaller FV effects

o much smaller discretization effects (long & short
distance) ( < 2.7% for a < 0.1fm)

o (BMW 2020) tot. err. ~ 0.7% of which 88% comes
froma — 0

@ Other lattice QCD collaborations have comparable
errors

@ ~ 3.70 tension with R-ratio

e (RBC/UKQCD 2023), (Mainz 2022), (ETMC
2022) confirm (BMW 2020) altO-HVP gpd gLO-HVP

,win ,ud,win

using # fermion discretizations (DW, Wilson).

Fermilab/HPQCD /MILC 23 -
RBC/UKQCD 23

ETMC 22

Mainz/CLS 22 -

Aubin et al. 22

XQCD OV/HISQ 22 -
XQCD OV/DWF 22

BMW 21 H

Lehner & Meyer 20
Aubin et al. 19
RBC/UKQCD 18 1

200

Isosymmetric intermediate window a

202

204

206 208

light, W
m

(Fermilab/HPQCD/MILC 2023)

210 212

(conn)

17/17


https://www.nature.com/articles/s41586-021-03418-1
https://doi.org/10.48550/arXiv.2301.08696
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.114502
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.074506
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.074506
https://www.nature.com/articles/s41586-021-03418-1
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Window results

@ Less challenging than full abO’HVP

e much better signal/noise — stat. err. (< 0.2%)
o much smaller FV effects

o much smaller discretization effects (long & short
distance) ( < 2.7% for a < 0.1fm)

o (BMW 2020) tot. err. ~ 0.7% of which 88% comes
froma — 0

@ Other lattice QCD collaborations have comparable
errors

@ ~ 3.70 tension with R-ratio

@ (RBC/UKQCD 2023), (Mainz 2022), (ETMC

: LO-HVP LO-HVP
2022) confirm (BMW 2020) a, in and 3, ud.win

using # fermion discretizations (DW, Wilson).

RBC/UKQCD 2018 | 1
ETMC 2021 | B

BMW 2020 | e

Mainz 2022 |- ————

ETMC 2022 |- —— B
RBC/UKQCD 2023 | H——H 1
RBC/UKQCD 2018/FJ | +———+— B
Aubin et al. 2019/CL/KNT |- —+— B
BMW 2020/KNT [~ — |
Colangelo et al. 2022 - ‘ :—Of ‘ ‘ ‘ L
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(RBC/UKQCD 2023)
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Window results

@ Less challenging than full abO'HVP
e much better signal/noise — stat. err. (< 0.2%)
e much smaller FV effects

o much smaller discretization effects (long & short
distance) ( < 2.7% for a < 0.1fm)

o (BMW 2020) tot. err. ~ 0.7% of which 88% comes
froma — 0

@ Other lattice QCD collaborations have comparable
errors

@ ~ 3.70 tension with R-ratio

@ (RBC/UKQCD 2023), (Mainz 2022), (ETMC

: LO-HVP LO-HVP
2022) confirm (BMW 2020) a, in and a ) -

using # fermion discretizations (DW, Wilson).

RBC/UKQCD 2018 |
ETMC 2021 |

BMW 2020 | ——

Mainz 2022 |-

ETMC 2022 |-
RBC/UKQCD 2023 | [
RBC/UKQCD 2018/FJ |-
Aubin et al. 2019/CL/KNT |- it
BMW 2020/KNT [~
Colangelo et al. 2022 |-

| ! I I I ! !
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(RBC/UKQCD 2023)

Thank you!

For more detailed comparisons among the various lattice results see talk by Mattia Bruno at Hadron2023
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