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Motivations
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» Search new physics through the SM tlavour structure
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nt CKM coefficients: percent level reached.

usion of isospin breaking effects required to progress.




Current lattice status

» Nice theory & lattice work by RM123

[RM123, arXiv:1904.08731, 2019]

[RM123, PRL 120(7), 072001, 2018]
[RM123, PRD 95(3), 034504, 2017]
[RM123, PRD 91(7), 074506, 2015]

» New challenge here: physical point calculation.
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Euclidean space-time construction
Lattice implementation
Preliminary physical point data

Outlook & Perspectives



Euclidean space-time construction



Full width IB corrections

» Full width (rest frame)

D(PY = Ty) =T =Ky M|
MTS — <€+7T;V€78‘ HW |P—I—> — ﬂi'//\\/l/vg

» Tree-level matrix element (factorisable final state)

o. = fpMp(u, g W)
» Width first-order isospin breaking (IB) corrections
ol = 0K Zm\ 512 4+ 2K me(/\/lgs(w”*)

——
fpMp tr[p SM (—p,+ime)vE]



IB corrections classification

O(m, — mg): strong IB corrections

O(eg): quark QED corrections > Factorisable

Absorbed in renormalisation

O(eceq): quark-lepton QED corrections Non-factorisable



Factorisable corrections

Ofact. M'° = (ﬂiV()LUE)éMA
oM 4 = (10| Ag ||:)+ ")

» “Standard” axial-pseudoscalar 2-point analysis

0Cap(t) = Capo(t) |

0Cpp(t) = Cppo(t) |

(t>0)
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Non-factorisable correction

» Amputated operator and matrix element

ﬁ(vxv = (%%)a(ﬁﬂﬁ%)

M = (¢ r| Hy, |PY) = (Muo))®

» Euclidean 3-point function
G5 (te. . tp) = (" Hy o)

™ bit of the width correction
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Infrared divergences

[RM123, PRD 95(3), 034504, 2017]

» Finite-volume (FV): IR regulator.
» FV effects ~ log(ArL), infinite-volume regulator! i .

» FV subtraction: swap L and Mp.

A 4

Add T'(P" — £Tv,7): swap ! |gr and experimental cut.

v

Performed in the point-like approximation.
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Lattice implementation



Gauge ensemble

[RBC-UKQCD, PRD 93(7), 074505, 2016]

» Physical point Mobius domain-wall fermions.
» a~0.12fm, Ny =2+1, 96 x 48° L, = 24.
» Valence light: physical mass z-Mobius Ly = 10.
» 98 contigurations (20 trajectories spacing).

» 2000 eigenvectors/cont for the light red-black
preconditioned matrix.
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QED implementation

QED, theory.

Interaction vertices A inserted on quark propagators
using sequential solves.

EM field Gaussian distributed from QED, action.

Local current vs. conserved: no new divergences for
this process.
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Correlation functions

2-point function: all-to-all with LMA.
J. Richings talk

CsP (trr)

tp, to —ty fixed, 96 translations. A integrated.

DWEF lepton with twisted BC for energy conservation.
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Preliminary physical point data



Non-factorisable corrections
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8 configurations, 96 translations/contf.
16 consecutive translations binned
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Non-factorisable corrections
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Outlook & Perspectives



Outlook

» |sospin breaking corrections to weak decays are
necessary for sub-percent CKM coefficients.

» Working setup for pion and kaon leptonic decays
directly at physical quark masses.

» Low-statistics results encouraging.
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Perspectives

Same setup using an all-to-all approach?
Soon: higher statistics and full analysis.
Renormalisation of the weak Hamiltonian.

Semi-leptonic decays.
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Thank you!



