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=N cross section

Meyer, Walker-Loud, Wilkinson
Ann. Rev. Nucl. Part. Sci. 72 (2022)
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[ Lattice QCD determination of Fa(Q?) is inconsistent with older
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dNew MINERvVA measurement of vN with hydrocarbon lies between
LOQCD and vD — Nature 614 (2023)



Meyer, Walker-Loud, Wilkinson
Ann. Rev. Nucl. Part. Sci. 72 (2022)

1.5
BT B e —
= 11- 2
| M e —
| \ ___________ -
=0
S
S
EE/ O —— BBBAO05
—-= 2z exp, vector
0.5 —:— 2z exp, D, axial
"""" z exp, LQCD axial
0.3 ;

0.3 0. 1.0 T 10.0

E,/GeV

[ Lattice QCD determination of
Fa(Q?) 1s inconsistent with older
phenomenological extraction

O results 1in 30% 1ncrease in »-N

Cross section

[J Energy dependent change
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=N cross section

Meyer, Walker-Loud, Wilkinson (O0What is required to finalize the lattice QCD results?
Ann. Rev. Nucl. Part. Sci. 72 (2022)
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RQCD 20 B PACS 18 erratum

Mainz21 & ETMC 20 CJuse different £, — 1. e S€EParation to understand and model
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1 All lattice calculations are performed with the same strategy
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[JNo calculations are/can be performed with large enough

fi — Lource O 1€N0OTE €Xclted state contamination

Cﬁi CallLat analysis in progress

S 5% e [JWe need a new strategy that has a different dependence
e e on excited states

“‘L :.:.:* [dWe are developing such a technique: 1t that will enable

— momentum-space creation operators

% >=2h <N( sink> pf) |],u (7, q=Pr— pl) ‘ N(tsourcw pz)>

(1 T'his technique will also allow
(Alj,IN), (Nz|j,IN), (NN|j,|NN)




P=N cross section — Future directions

State of the Field

Indeed not!

! Our pion production model uses
=, a description of resonance
{ production that is “naive and
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Heavy reliance on old data (experiments shut down)
d ~10% uncertainties on effective parameters at best

[J insufficient for precision goals of DUNE
(C. Wilkinson, private communication)



V-N cross section — Synergy
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Precision f decays

Cirighano, Crivellin, Hoterichter, Moulson
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Pion-induced radiative corrections to neutron beta-decay
Cirighano, de Vries, Hayen, Mereghett1 & Walker-Loud, PRI, 129 (2022) [2202.10439]
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Pion-induced radiative corrections to neutron beta-decay
Cirighano, de Vries, Hayen, Mereghetti & Walker-Loud, PRI, 129 (2022) [2202.10439]
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Precision / decays: Electroweak Box

from Emanuele’s slides V. Cirigliano, W. Dekens, EM, O. Tomalak, PRD 108 (2023) 5, 053003

vPT I Fermi theory + QED +QCD
gv (1x) = Cp (1) 1 + DH a(Ho) - —X) 8 2 l;;z( - E Mz)]
2 2 5
# /d4 2+ Q% | T (1/ QZ) 1 as(pug) G ‘ V d‘ m 2
Oftaa(t0) = {62 (277)67 g 32mNVA /5 e (1 _ :o )] r, = —F 2:73 “(14+3X) - fh-(1+Af)-(1+ AR), A= ga/9v

] Feng, Gorchtein, Jin, Ma, Seng, PRL 124 (2020)
Seng, Feng, Gorchtein, Jin, PRD 101 (2020)
AT =0.02477(24) [0.02467(22) — previous dispersion result]

] Yoo, Bhattacharya, Gupta, Mondal, Yoon, PRD 108 (2023)
Ma, Feng, Gorchtein, Jin, Liu, Seng, Wang, Zhang [2308.16755],
AT = 0.02439(19)
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Precision f decays

] Given the =~ 30 tension in first-row GKM unitarity constraints,
and the prospect to improve the precision in the relevant f-decays,
1t 1s Important to have alternative and complimentary strategies to determine the QED corrections

[J We are incorporating QED corrections to LOQCD
1 OEDw: use a photon mass to regulate IR behavior
(thanks for ERCAP 2024! and previous ALGC)

[ We are investigating how to build up QED corrections
to full n — pev amplitude
[J QFED corrections to spectrum
1 OED corrections to g,

] Precise calculation of g}CD

] neutron decay amplitude?

12



Precision f decays

Non-monotonic finite-volume (FV) corrections to g4

(] led by Zack Hall (grad student at UNC)

m2  emil R e

B T T Y L R mL

All groups (except Gall.at) only use leading FV correction (¢, term)
and leave ¢, a free parameter (instead of yP'l" prediction)

T'his gives the “wrong” sign for F'V correction at ighter pion mass

At what level of precision will this strategy make a
statistically significant error?

T'his project 1s also synergistic — Emanuele Mereghett1 derived the
full NNLO FV corrections in yPT

] EFT colleagues are deriving formula for QED corrections to g4
[0 Two-nucleon matrix elements that are needed

E—==

CallLat Nature 558 (2018)
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Summary

[ NTNP Topical Collaboration 1s creating a synergistic effort between sub-disciplines in Nuclear Theory
to help search for new physics in low-energy precision tests of the Standard Model

(] Lattice QCD provides essential input for each area (and receives guidance from EF1/Pheno)
] Precision f-decay
1 LOCD+QED: compute key matrix elements to determine structure functions and/or unknown LECs
] LOCD+QED: perform non-perturbative calculation of radiative QED corrections

] Permanent Electric Dipole Moments

1 LOCD: compute CP-odd pion-nucleon couplings — many-body calculations of nuclear EDMs

(] Neutrino-Nucleus scattering
[ Determine v — N cross section from QCD: F,(Q?), F,(Q?%), F,(Q?)

[J Determine N — A,N — Nz transition amplitudes as well as (NN|J,| NN) matrix elements
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