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Introduction

e Nf = 3 calculation with current-current operators (arXiv:2509.04346)
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Introduction

o Weak operator + external legs subdiagram at (’)(ag(mc)):
o Class-A : HVP-like
o Class-B : Adler ambiguity
e Class-C : Whole graph
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Implementation
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Implementation

o Nf =3, 24ID(a~ = 1.023 GeV) —» Ny = 4, 32IF(a~! = 3.148 GeV)

_______________ :
ot

1

i = class-C

T

Renormalizing K, — pt ™ I Ceran Hu 8/22



@ Conserved current with one counterterm:

QP = (5v"d + 57“5) 0" F (5)
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@ NPR scheme:

o <& mg, eg. p~ O(500) MeV
e heavy quarks — suppress gauge noise + small-volume calculation
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e Matching condition (p? = p3 = (p1 — p2)? = 1?)
Tr {’7“/\2’)‘:4} = Tr {'y/‘AII)If:3} + Cf‘Tr (7T .} (6)
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Preliminary results

real part
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Figure 1: Results for local & conserved vector current results.
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o Class-B diagram is finite but ambiguous

@ Ambiguity contributes as a local counterterm
¢ X €uvpo(OPAMAY IL, IS = 5v7ysd + d77ss (9)
e ( is independent of quark mass and external momenta
5 U
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@ ( determination

k{LR#,,(kl,kg,P)—Ckam,(kl,kz,P) =0 (10)
Ruv(ky, ko, P) = <] (k1)Jo(k2)Hw (0)|KL(P)) (11)

Auv(ki, ko, P) = EWpa(kl k2)?(0|JZ (0)|KL(P)) (12)
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Preliminary results

@ kinematics comparison (g = P — ki — k)
e kinematics 1 (lattice momentum)

.2 .2
aky = 7Lra( 1,1,1), ak, = %‘3(—1,—2,0)

e kinematics 2 (non-lattice momentum)

~  2ma,1 3 2 27a
aky = == T 55 2) ako —( 1.3849, —0.9121, 7)

a’|k|? = 0.2056, a%|ko|* = 0.3427, 2%|G|* = 0.4112
@ quark mass comparison

e mass 1: am, = 0.085
e mass 2: am, = 0.147
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Preliminary results

¢, kinematics (, masses
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Figure 2: Comparison ¢ between different kinematics and loop quark masses.
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@ Work with matrix element instead of amputated Green’s function

0M = (3y5d + dyyss) i’y (13)
(WrpT HY =YKL = (T |HY =3 KL + Mut  |Ogf Kw) (14)
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Preliminary results

real part imaginary part
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Figure 3: Class-C results of Type3 for Ny = 3 and Ny = 4 calculation. Color bands are from
asymptotic fit and discrete points are from explicit unphysical state subtraction.
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Renormalization of ImA/f##
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Renormalization of ImAK##

e Two diagrams need renormalization at (’)(ag(mc))

class-A class-B
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Preliminary results
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Figure 4: Results of imaginary part of K;, — p™p~ amplitude.
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Summary and outlook
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Summary and outlook

e Ny = 3 calculation of K, — u™pu~ with AS = 41 current-current
operator needs renormalization

o At (’)(ag(mc)), 3 classes of subdiagrams can be renormalized by

matching between Ny = 3 and Ny = 4 effective theories:

o Class-A : HVP like
e Class-B : Adler ambiguity
e Class-C : Whole graph

@ For the calculation on 24ID, the preliminary result of renormalized
imaginary part shows ~ 50% correction to unrenormalized

@ For the future work on 48I(a~! = 1.730 GeV) and 64l(a~! = 2.359
GeV), renormalization to all orders in as(mc) is possible
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