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Eight proposals related to precision EW & QCD
1. K — nm decay at the phys. point with periodic BCs , Tomii — RBC & UKQCD

2. Muon g-2 HVP from Ni=2+1+1 HISQ , Lynch — Fermi-MILC

3. Continuation: QCD + QED studies , Jin — Uconn & BNL

4. Semileptonic B decays with a vector final state , Lytle — Fermilab-MILC

5. New ensembles for precision light-meson decay constants , Gottlieb — MILC
6. Scale setting studies on the MILC HISQ ensembles , Bazavov — Fermi-MILC
7. From BSM to as in QCD at the Z-pole: 2023-2024 , Kuti — LatHC

8. Gradient flow renormalization scheme , Hasenfratz & Witzel
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Motivation

Precision Weak decays Muon g-2
| Vud | | Vus | | Vub | H H H
e Sy B o The hadrpnlc contlbutlgns to muon
o K= mty o g-2 contribute the leading
el VCS & . .
- D' 5 Z‘V g uncertainty to the SM calculation.
D — wlv D — Kév
I V| | Vo | The lattice calculation is a priority for
B Bt - both USQCD and the world-wide
K — 7 and CP-violation ¢ = talk community.
Heavy meson decays and experiments at Precision a5

BES Ill, Belle II, and LHCb. . : .

o QCD coupling, ays, is a leading
SM predictions for |Vey| and R, ,(D())- source of uncertainty in SM rates for
QED effects needed for precision |V,ql, |Vys|. 1 — 99 @nd H — bb.
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Muon g-2 HVP from HISQ: accomplishments
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arXiv:2212.12648

The value of aZ’W(conn.) in the “intermediate
window”, a € [0.4,1.0] fm, was proposed by
RBC/UKQCD and has been adopted as a
benchmark quantity to compare lattice

determinations of HVP.

Intermediate-window contribution (left) is less
sensitive to discretization effects from short
distances and noise from long distances.

Fermilab MILC did a blind analysis and has
published a complete error budget.
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Muon g-2 HVP from HISQ: plans

Use USQCD and LCF resources to approach the goal of computing the
leading-order HVP contribution with subpercent precision.

This project addresses significant uncertainties in the recent calculation from finite
volume and electromagnetic effects.

A companion project, scale setting on HISQ ensembles, addresses the other
significant uncertainty.

This year begins an exploratory calculation of QED corrections to HVP at leading
order by calculating the single-photon exchange diagrams. Testing various noise
reduction techniques is planned.

Project requests LQ2 GPU cluster time since the large GPU and system
memories will help when computing the needed eigenvectors.

AHM 2023 I USQCD



QCD + QED studies — Tomii — RBC & UKQCD

Accomplishments:
QED: 7, K masses, and leptonic width diagram A.
M® ~ W-box diagram contribution to neutron j3 decay.

é PhysRevD.106.074510: 0v2B3 form~ — ™ et e~
o PhysRevLett.128.172002: two photon exchange
) ) ) contribution to muonic-hydrogen Lamb shift
e VL Ve N Proposal objectives:
%%K ‘Q QED corrections to masses: «, K, n, p.
e Other diagrams for leptonic decays (handle IR div.)

Proton & neutron hadronic tensor

QED corrections to HVP for muon g-2
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Semileptonic B — D* and Bs — D} with HISQ quarks

Request is to extend the current FNAL/MILC
Scalar FF for Hs — Ds with HISQ bauarks  calculations of semileptonic decays to include the
decays B — DZ‘S).

Extend techniques used to compute fg with HISQ
bottom quarks to SL B decays.

Objectives include SM determination of | V| and
o s, R /«(Ds)) in combination with experiment.

o New: Publication arXiv:2301.09229 analysis of
D— 7w, D— K,and Ds — K.

Full error budgets, blinded analysis. Highlights =
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Second row CKM and unitarity — Fermilab MILC

Dosnl+ D,—Ke v DKl | §
Prosent work | w dominated by| Present work] ¢ mm fg@;xlkgrk)
BES 111 2019 FLAG
b “ﬁt"'"l’(h o1 ) ) B Semileptonic 1.02
Tesent worl Szm:lg}it?r}ﬁA A| o HFLAV+FLAG New fp|Vea| = 46.2(1.0)(0.3) MeV
i Ny Leptonic 7 = 4
S;;nzllggt?lrtlg A R, 100 4 0Vl =25.42.9(1.7) MeV
Semileptonic | | 4 Sem;\l/egtsiif‘ &
Ny=2+1 ! 0.98 4o
HFLAV 2021 = | T
Leptonic | e £0|Vea] = 46.2(1.0)(0.3) ) N
ureray B B Mt 0969 o milepton
4 Semileptonic: FNAL-MILC
Leptonic | ey mm PNAL-MILC HFLAV 2021 (Present work)
Ny=2+1 (Present work) . N, |Ves| 0.944 Leptonic: FNAL-MILC 2018
o FLAG Leptonic J B =215.4(24)(L7) P4 ™ L HFLAV 2021
CKM | L Semileptonic Ny=2+1 Vil + [V + V= 1
Unitarity FLAG - Vel +Val + Vol =
== Leptonic 095300 0205 0310 0315 0220 0325 0230
Neutrino | ° CKM | . . . . . . .
Scattering 'F § -'PDG . . Unitarity . M . . . . |Vl
020 022 024 026 028 0.30 094 096 098 1.00 1.02 1.04 i i
e Il Error elipses comparing
Results after unblinding the D-decay analysis. Fermi-MILC results from SL

Outer / inner blue band shows total uncertainty decays to leptonic decays.

with / without QED uncertainty.
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Proposals with HISQ lattices

Scale setting on HISQ lattices Lattices for precision fx, ., and f!"(0)

Priority for Fermilab MILC muon g-2 Refine first-row CKM unitarity tests.

project. Proposal: Compute ME on re-tuned
Scales valuable to entire community ghgglfrsl—mass lattices at a~ 0.12 and

using HISQ lattices.
Progress: Generated set of 0.09 lattices
with simulation m; < 0.6ms useful for
systematics — a community resource.

Better statisics for gradient flow scales
Wp, and /.

New: absolute scale from m(Q™)

including leading EM effects. New results will help fully resolve LECs in

combined continuum and SU(3) xPT fits.

talk
- ~ talk
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Strong coupling from gradient flow

Kuti proposal, SU(3)

. from transiton o strong coupling ra

Compute Ayg in theories including Ny = 3 QCD.

s [YM 5/95:4.49-5.34r

Complementary proposals from Kuti and
Hasenfratz = talk.

Define renormalized flow coupling, and beta
function (Vol — o)

Gar (t/@:8) = N (E) g,

B (g&F) = —t & %&r-

Lattices with different 5 to connect perturbative
region to long-distance g&r (f/a?) = 15.8 at the
o ;T distance scale .

2

ta
YM fitting in g ®= 0.78-0.81 range  SSC improved
— T

0005 e/g§=n,||.1.11.2selec1ed

ta
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Flow coupling results and plans

Pure YM Hazenfratz, arxiv:2303.00704
Hasenfratz 23 i
Wong 23 prelim) Hasenfratz plans
Dalla Brida 19
Ishikawa 17 T . .
Kiazawa 16 - First extend Ny = 2 results before returning to
rambilla ]
acosHURGED 08 e N; = 3. BNL CPU-only resources may not be
ALPHASE 0.52 0.54 0.56 0.58 0.60  0.62 0.64 SUffiCient to do bOth'

Nf=0 [BioAsis

Kuti plans

Wong, et al., arXiv:2301.06611
Hasenfratz, et al, ariv:2303.00704 Continue with Ny = 3 with a focus on stronger

Flow results agree, but are in coupled runs for better statistics.

tension with other methods.
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Summary

Project goals are well aligned with USQCD’s physics objectives and the needs of
the experimental programs.

These projects continue to show excellent progress towards their objectives.

For many projects, both USQCD and leadership compute resources are critcal to
meeting their goals.
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