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Muon g — 2: Motivation and Experimental Status

L T T T T T T
(Why muon g —22 [N, : . :
® Anomalous magnetic moment Run-1 } o }
a, = (g —2)/2; g =2 at tree level, g > 2 RUN-2/3 —_—
from quantum corrections Run-4/5/6 +—o—+
® A precision test of the Standard Model: Run-1-6 +——
compare high-precision experiment vs. theory Exp. averalge | 4 | 1
to expose new particles / interactions 20.0 20.5 21.0 21.5
® Theory error dominated by the hadronic a,- 10° — 1165900
vacuum Ipolarlzatlon (HVP) and hadronic e Experimental world average now at 124 ppb [Donati
light-by-light (HLbL) et al. 2025]
e |attice QCD gives a first-principles
determination of the HVP
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Theoretical Framework: HVP in the Time-Momentum Representation

hd

o0

A" —ta? [ ag® 1) 0GP)
0

T/2

time-mom. rep. 2 Z w(t) C(t)

[Bernecker and Meyer 2011] =0

where,

o I1(¢%) = TI(¢2) — I1(0) the subtracted HVP,

e w(t) QED kernel and

o C(t) = £ > ,(JU(&,1)J'(0)) is the two-point
current-current function.

e On the lattice the single-site current is not
conserved, so we use a single link point-split
conserved current.

JH(x) =
30 (@) (X (@ + U] (2)x(2) + X(2) Uy (2)x(x + 1))

Spectral decomposition of the propagator

S(z,y)= Sp + Su
N~~~ N~~~
>\S>\cut >\>>\cut

‘C(t) =Crr +Cru +CHL +CHH‘

gives four correlator contributions
[Giusti et al. 2004; Moningi et al. 2025]
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Four-Part Decomposition of the Correlator

804

60 4

w(t)C(t)

Low-Low (dominant, long distance)

e Constructed from contracting the
low-mode sparsenend meson fields A,

(Aw)nm =Y (nle) Uu(@) (@+pulm)

T

[Moningi et al. 2026]

40 4

| LL+HL+LH+HH
HH
§ HL+LH

t (fm)

High-Low (sub-dominant)

e Stochastic linear combinations of
low-mode sources per time slice is
used as a source for the (high-mode
part of the) propagator to effect the
full-volume average. = solves
reduced from N7 X Nioy to

N7 X Npits [Moningi et al. 2025]

High-High (dominant, short

distance)

AMA with deflated, approximate CG:

(0) = (Oex=(OVount 5 D_ (Oidapp

7/31



Table of Contents

© Part 1: Results so far on HVP

8/31



Lattice Ensemble Details

Label ~a (fm) NZx Ny L (fm) m, (MeV) wp/a # configs
481 0.15' 483 x 64 4.85 134.73 1.13190(35) 40
32 0.15 323 % 48 485  134.44 1.13227(18) 48
48| 0.12 483 x 64 5.81 134.53 1.41060(28) 32
64c  0.09 64 x 96 5.61  128.12 1.95148(41) 78
9%6c  0.06 64 x 192 545  134.61 3.01838(92) 77
144c  0.04 1443 x 228  6.12 134.17 4.03242(195) 20

® Configurations provided by the MILC collaboration (except 48l ensemble is a CalLat ensemble)

® The lattice spacings are set using using the wy = 0.17187(68) fm which is is determined using the
mass of {2~ baryon [Bazavov et al. 2026] and wg/a are obtained from v1 of Ref. [Bazavov et al. 2025a]
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Full HVP: aEVPJqC (Preliminary)

FV, pion-mass mistuning and taste-breaking corrections, computed in NLO and NNLO SChPT, as well
as in the ChVM model developed specifically for the case of staggered fermions in [Chakraborty et al. 2017]
and applied further in [Borsanyi et al. 2021],[Aubin et al. 2022].

Continuum Extrapolation for full HVP 700
675 675
650 Q es0] Lo
g
_ 625 O 625 \E\\
3 c
% o S 600 #
g . [v]
2 s 2 575
= e (o)) S
S 50 H’ = 550 ?
3
525 . S 5251 . cmwoTs it Y
=== NNLO w/o T8 (linear) fit N —— ChVM with T8 fit K'Y
— NNLO with T8 (linear) it 'S 5001 & uncorrected ~~
500 Ss
& uncorrected
0.000 0.005 0.010 0.015 0.020 0.025
0.000 0.005 0.010 0.015 0.020 0.025 2 2
a2 (fm?) a (fm )

NNLO : a}f VP9 = (660.5+ 9.2+ 4.0 £ 1.9+ 0.3) x 10~ '° = 661(10) x 10~ '°
ChVM : a)} V"9 = (652.4 + 9.2 + 4.9) x 107" = 652(10) x 107"

Errors: (stat, from fit)(half-distance between fits)(FV)(retuning to 1443). Statistical errors uncorrelated across ensembles.
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Intermediate windows[Blum et al. 2018]: standard (0.4, 1.0,0.15) fm and long-distance (1.5,1.9,0.15) fm (more accessible

to ChPT).
220 215.0 —— ChVM with TB fit
—== ChVM wjo TB fit
2125 4 ncomcted |
215
210.0
210 2075
o Ny N
g 3 £ 205.0

3y
~

3
b

205

NNLO w/o T8 (quad) fit
200 NNLO with T8 (quad) fit
NLO wjo T8 (quad) fit
NLO with T8 (linear) fit
& uncorrected

195

a

202.5

200.0

197.5

195.0

a2 (fm?)

0.000 0.005 0.010 0.015

0.000 0.005 0.010 0.015

a2 (fm?)

o ChPT less reliable for W1 (distances < 1 fm).

0.000 0.005 0.010

a? (fm?)

0.015 0.020

0.025

— ChVM with TB fit
~-- ChvM /o T8 (quad) fit

& uncorrected

e

0.000 0.005 0.010

a? (fm?)

0.015

0.020

0.025
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Comparison

This work (ChPT)

This work (ChVM) 4
Fermilab/HPQCD/MILC 24 (MQ) 1
Fermilab/HPQCD/MILC 24 (fm) -
Mainz/CLS 24

RBC/UKQCD 24

Aubin et al. 22

BMW 214

Benton 24 (KNT19) -

Benton 24 (DHMZ)

-

.

T
620

T T
640 660 680

Our aHVP lac agrees with existing lattice results

and S|ts above the data-driven evaluation.

e This work

e FNAL/HPQCD/MILC '24[Bazavov et al. 2025b],
Mainz '24[Djukanovic et al. 2025],

RBC/UKQCD '24[Blum et al. 2025],

Aubin '22[Aubin et al. 2022],

BMW '21[Borsanyi et al. 2021]

B Data-driven: Benton '25[Benton et al. 2025]

600 a;lvpllq( . 1010 700
a (fm) aEVP,qu ale,lqc XVQ,lqc
[x10719) [x10710] [x10710]
0.0426(2) 658(15)(5)[15]  207.3(5)(3)[6]  98.4(1.9)(1.0)[2.1]
0 (NNLO ChPT)  661(9)(4)[10] —  103.4(2.5)(1.8)[3.1]
0 (ChVM) 652(9)(5)[10]  205.7(6)(3)[7]  100.2(2.5)(2.3)[3.3] .
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Where the Error Comes From

On the finest ensemble 1443 x 288, a=0.04 fm, we have
ay V719 = (658.4 +15.3) x 107°

[Moningi et al. 2025; Moningi et al. 2026].

144c

100
¥ LL+HL+LH+HH (superjackknife)
HH (27 configs)
80 4 - ¥ HL+LH (20 configs)
LL (20 configs)
J - -
60 .
= - -
Q -
T 407
s -
201 «
Rt LTI
“q"t*"*"',,:
0
00 05 10 15

Figure 1: Summand w(t)C(t) (units of 1071°),
statistical errors only.

Error budget breakdown

LL
HL+LH

HH

statistical error o on a

HVP,lqc
o

Challenge

Statistical precision of the HVP driven by Cp 1,

is the current bottleneck
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|dea: Skip Eigenvector Generation Entirely

Our strategy: eliminate the most expensive step

HISQ eigenvectors from MILC/Fermilab are already available — skip eigenvector generation, proceed directly to
the meson-field contraction with sparsening. This removes the single most expensive step in the C11, pipeline.

But the existing calculation uses a fat-link action, while the available eigenvectors are HISQ. The two
actions differ, so we need a controlled way to use HISQ eigenvectors to compute the fat-link target —
AMA-style bias correction (next).
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The HISQ Dirac Operator

= €1 Dpat + c2DNaik

Fat-Link Term Dpgat Naik Term Dyaix

® 1-link (nearest-neighbor) term with ® 3-link (next-to-nearest-neighbor) term with
cg=1,c0=0 c1=9/8,co=-1/24

® ASQTAD fat7 smearing — reunitarization — ® Removes free-field O(a?) errors in the quark
another round of fat7 smearing dispersion relation.

® Suppress taste-symmetry breaking ® Included in MILC/Fermilab eigenvectors

® Used in our existing calculation
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AMA-Style Bias Correction Strategy

The standard AMA estimator [Blum, Izubuchi, and Shintani 2013] applied to the action mismatch:

Our AMA mapping

Cir = Cfy + (Ci;,-CHp)
~—~— ~~ ——

exact approx A: bias correction

Bias
Exact (Both Actions) Approx
(Fat—Link ACtiOn) 5 e Small subset of L 5 (HISQ Action)

q exact measurements
e Crr computed with e Crr from Duisq

fat-link operator D o Estimate e Cheap: evecs available
A = (CF - CH)

Key: the HISQ correlator (CH) is the approximation (cheap, evecs already available); the fat-link correlator (C') is the
exact target.
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° Ntotal =51
10744 , s
1054 . ¢t
AP s s
— o s
10704 o *e .
% 10771 c., L.
© " . . B I
-8 | B EE
10 Yipifiar
107°% § Fat 1 I
¢
§ HISQ 4
10-10 4 ¥ |A| (bias correction) ¢ !
HISQ corrected
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5
t (fm)

Correlator comparison

® |A| is 1-2 orders of magnitude below the fat-link
correlator

® Fat and HISQ-corrected overlap

® Bias correction is a small perturbation at all timeslices

Errors on Cy,(t)

Nhisq = 51 ® Npias = 20 configurations

wlt ot

10784 c L S .
e Fat ., "':~=:=
e HISQ .,
* A (bias correction) . ® .. .

HISQ corrected e,
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5
t (fm)

Error comparison

® oA < omisq across all timeslices
® Ratio O'A/O'HISQ ~ 0.27

® Bias adds only ~7% to the variance
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Validation on 48 x 64: Ratio Analysis

0 48% x 64, a = 0.1212 fm

Fat vs HISQ corrected (51 hisq + 20 bias cfgs)

° Ntotal =51

10744 T,
107° 4 o -
10—6 4 'n. .Q‘
& 1077 4 . .-
* ¥
!I .
1075 1, t
M
107°% § Far |
HISQ corrected ” ‘ ‘
0 1 2 3 a 5 6
t (fm)

Region analysis

® Nhisq = 51 ® Npias = 20 configurations
Ratio per timeslice with HVP window regions
1.100
1.0754
£ 10501
el
% 1.025 ] l
¢ corelld
S 1.000 - 111i1111|
o
L 0.9754
z
£ 0.950
e SD window
0.925 4 ID window
LD window
0.900 T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5

t (fm)

® t = 0-15: Ratio = 1.0002 + 0.0008, consistent with unity
® t = 15-22: Growing but controlled, still consistent with unity

® ¢ > 22: Signal lost in noise
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©48% x 64, a =0.1212 fm  ® Niptal = 51 ® Npisq = 41 @ Npias = 20 configurations

LL Total (LL + 2HL + HH)
30 § Fat § Fat
HISQ corrected 501 HISQ corrected
25 “
40
2 20 x X
=] =1
X1s ) 237 -
z - <
5 g
210 " © 204
) s =
2 < -
® B -
5 € 104 .
- L2 P B b
- § %
of - T :
}[[ o4 '}!!l[}}}[
0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0 0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0
t (fm) t (fm)

® Fat-link and bias-corrected HISQ w(¢)C(t) overlap across all timeslices

® Errors grow at large t as the correlator signal decays exponentially
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Validation on 483 x 64: All Windows

© 483 x 64, a =0.1212 fm @ Niotal =51 Npisq = 51 ® Npias = 20 configurations

JVElac (hisq corrected)/aj, V719 (fat)

e Ratio =« I

Intermediate Intermediate Long distance
(0.4, 1.0, A=0.15) fm (L5, 1.9, A=0.15) fm  (t1=1, A=0.15) fm

LL only
ratio 1.0001 + 0.0005 0.9988 4+ 0.0041 1.0041 £+ 0.0121
consistency 0.220 v 0.310 v 0.340 v
Total
ratio 1.00004 4+ 0.00017 0.9991 4+ 0.0030 1.0027 £ 0.0081
consistency 0.220 v 0.310 v 0.340 v

Ratio consistent with unity at < 0.35¢ in all windows — no t-dependent systematic shift; the correction is
unbiased.
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Application to 1443 x 288, a = 0.042 fm

e LL+HL on 20 configurations and HH on 27 configurations
® Fat-link eigenvectors only
e affVPlac = 658(15) x 10710 on this ensemble.

Proposed strategy

® Leverage 38 configurations with HISQ eigenvectors ® Apply AMA strategy bias correction to account for
(Niow = 4000) already available from the fat-link <+ HISQ action difference
MILC/Fermilab

Projected error reduction: /(38 +20)/20 ~ 1.7x

Bringing the statistical uncertainty on (LEVP'IC‘C from 2.3% to 1.4% on this ensemble.

e Continue generating eigenvectors and correlators, targeting 120 configurations total to achieve
sub-precent precision.
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What we showed:

v Preliminary full HVP and window results at continuum using the AMA/LMA (LL+HL+LH+HH)
decomposition and sparsened meson fields: o V"'9° ~ 661(10) (NNLO), 652(10)
(ChVM)x 10710,

v' Validated a strategy to boost Crp statistics by reusing HISQ eigenvectors.

v AMA bias correction removes the action difference: < 0.350 agreement on 483 x 64 across all
windows, < 2% error overhead at Nyi.s = 20.
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Goals and Roadmap

Near-term

® HISQ-eigenvector meson fields + AMA on the 38
available configs; validate LL agreement on 144% (as

demonstrated on 483).

® Extend the AMA bias correction to the HL+LH part

Mid-term

® Reach 120 configs on Leadership Computing Facility.

Longer-term

® Improve the continuum extrapolation and reduce the
statistical error on the 96¢ ensemble as well.

Projected error reduction:
(100 +20)/20 ~ 2.4x

Bringing the statistical uncer-
tainty on a}i V"' from 2.3%
to 0.9% on 144c ensemble.

Projected error budget (units 1071%) on 144c

now o target o (20— 120)

LL 13.7 ~ 5.6
HL+LH 6.2 ~~ 2.5
HH 0.96 ~ 0.4
Total 15.1 ~ 6.2

e Projected by 1/v/N from the current budget
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Thank you for your attention!

Any questions?
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Bias Correction Overhead vs. Number of Bias Configs

LL contribution to ID window (1.5, 1.9, A=0.15) fm

=== 2% threshold
1% threshold

20

151

101

T T T T T
10 20 30 40 50
Number of bias configs

What is plotted Key thresholds

We define the relative error overhead: ® Npias ~ 5: ~ 22% increase

5 — Ohisq corrected — Ofat « 100% ° Nbias ~ 10: ~ 7% increase
Ofat ® Niias ~ 20: ~ 2% increase

6 = 0 means the correction adds no extra noise. ® Niias ~ 30: ~ 1% increase
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