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K → ππ & Direct CPV
3

|KL> = |K2> + ε|K1>
CP odd CP even

|ππ>
CP even

ε’ ε
direct 
CPV

indirect 
CPV

K

π

π

|ε| = 2.228(11) x 10-3 


ε’ only found in decays 

‣ Re(ε’/ε)exp = 1.66(23) x 10-3 

‣ Consistent with SM?

‣ potential to constrain UT parameter

(KTeV & NA48)

<latexit sha1_base64="ZwfY/xwAdiIYJpssDLhaq8ZxVHc=">AAACDHicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME84BsCL2T3mTI7OwyMyuEJb/gwat+hjfx6j/4Ff6Ck2QPJrFgoKjq7umuIBFcG9f9dtbWNza3tgs7xd29/YPD0tFxU8epYthgsYhVOwCNgktsGG4EthOFEAUCW8Hobuq3nlBpHstHM06wG8FA8pAzMFZq+wEoHw30SmW34s5AV4mXkzLJUe+Vfvx+zNIIpWECtO54bmK6GSjDmcBJ0U81JsBGMMCOpRIi1N1stu+EnlulT8NY2ScNnal/OzKItB5Hga2MwAz1sjcV//M6qQlvuhmXSWpQsvlHYSqoien0eNrnCpkRY0uAKW53pWwICpixES1OShQfDO1FoU2ao5rYhLzlPFZJ87LiVSvVh6ty7TbPqkBOyRm5IB65JjVyT+qkQRgR5IW8kjfn2Xl3PpzPeemak/eckAU4X79MUZzO</latexit>

η̄
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Status of ε’ calculation

PRD 102,054509

PRD 108,094517

PRL 115,212001
G-parity Boundary Conditions (GPBC)


a-1 ≈ 1.38 GeV

physical kinematics w ground ππ state

Periodic Boundary Conditions (PBC)

physical kinematics w excited ππ state

important for introducing EM/IB effects

many ensembles already generated

excited states

better controlled

-

a-1 = 1.02 GeV
a-1 = 1.38 GeV

a → 0

preliminary results 
with multiple 

lattice spacings

2015

2020

2023

2012–

a-1 = 1.02 GeV

a-1 = 1.38 GeV

Published
Preliminary
Experiment

GPBC 15, 1.4 GeV

GPBC 20, 1.4 GeV

PBC 23, 1.0 GeV

PBC 25, 1.0 GeV
PBC 25, 1.4 GeV

PBCxGPBC 25, a→0

PDG 2012-25

-10 0 10 20 30 40 50
Re(ε'/ε) [x 10-4]

RBC/UKQCD vs Experiment

GPBC & PBC 
combined

Experiment vs RBC/UKQCD at physical mπ
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Lattice ensembles
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Done, paper in prep

a-1 ≈ 1.4 GeV, 1.0 GeV

RBC/UKQCD 2+1 lattice ensembles at physical mπ

underway
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planned by               
J. Hildebrand
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Variational method
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n = 0 n = 1 n = 2 n = 3 n = 4

t0/a

aEnI=0,eff

Solving GEVP (Generalized Eigenvalue Problem)


‣  


‣                            couples mostly with n-th state


‣  


ππ operators used in this work:

‣ πp=(0,0,0)πp=(0,0,0)


‣ πp=(0,0,1)πp=(0,0,-1)


‣ πp=(0,1,1)πp=(0,-1,-1)


‣ πp=(1,1,1)πp=(-1,-1,-1) 

‣ σ ~               : controls f0(500) resonance

‣ KK ~                       : for checking further excited-


                                              state contamination

6

t0

amK

Eππ, a-1 ≈ 1.4 GeV, I = 0

<latexit sha1_base64="1xIv2RxeGm3PAtRXSMJsK+BoWyQ=">AAACGXicbVBNS8NAFNzUrxq/oh69LFZRREoiol6EohdvrWBVaGp42W7apZtN2N0oJfRvePGvePGgiEc9+W/c1h7UOrAwzMzj7Zsw5Uxp1/20ChOTU9MzxVl7bn5hcclZXrlUSSYJrZOEJ/I6BEU5E7Sumeb0OpUU4pDTq7B7OvCvbqlULBEXupfSZgxtwSJGQBspcNwNX0V2NQBfsnZHg5TJHa5uBQIfY19lcQD4NsjFLvRvdkzK3gicklt2h8DjxBuREhqhFjjvfishWUyFJhyUanhuqps5SM0Ip33bzxRNgXShTRuGCoipaubDy/p40ygtHCXSPKHxUP05kUOsVC8OTTIG3VF/vYH4n9fIdHTUzJlIM00F+V4UZRzrBA9qwi0mKdG8ZwgQycxfMemABKJNmbYpwft78ji53Ct7B+X9871S5WRURxGtoXW0jTx0iCroDNVQHRF0jx7RM3qxHqwn69V6+44WrNHMKvoF6+MLYneepw==</latexit>

Oa ! O
0
n =

P
a v

⇤
n,aOa

<latexit sha1_base64="CavWLEmmm6r9JIG1YzVtulPtyAc=">AAACIXicbVDLSgMxFM34rONr1KWbYCu0IGWmiLoRit24VLBa6JQhk2ba0ExmSO4IpfRX3Pgrblwo4k78GdM6iLZeSDicc+5N7glTwTW47oe1sLi0vLJaWLPXNza3tp2d3VudZIqyJk1Eoloh0UxwyZrAQbBWqhiJQ8HuwkFjot/dM6V5Im9gmLJOTHqSR5wSMFTgnJV8HdmNMlTuA1mGIwjcin2OfWFGdMkPZQzm/mUpBU7RrbrTwvPAy0ER5XUVOO9+N6FZzCRQQbRue24KnRFRwKlgY9vPNEsJHZAeaxsoScx0ZzTdcIwPDdPFUaLMkYCn7O+OEYm1HsahccYE+npWm5D/ae0MorPOiMs0Aybp90NRJjAkeBIX7nLFKIihAYQqbv6KaZ8oQsGEapsQvNmV58FtreqdVI+va8X6RR5HAe2jA1RGHjpFdXSJrlATUfSAntALerUerWfrzXr/ti5Yec8e+lPW5xd/Y59l</latexit>

C(t)vn(t, t0) = �n(t, t0)C(t0)vn(t, t0)

<latexit sha1_base64="cnBYeTmORPYRQJke5z4YXqAcaro=">AAACD3icbVDLSsNAFJ34tr6iLt0MFqWCLYmIuhGKIrisYB/Q1DCZTurgZBJmboQS+gdu/BU3LhRx69adf+OkZuHrwMDhnHu4c0+QCK7BcT6sicmp6ZnZufnSwuLS8oq9utbScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHdyc5n77linNY3kJw4T1IjKQPOSUgJF8e9vTIfaECfSJLyuwC76zg48xu8qqZ7lQzYWRb5edmjMG/kvcgpRRgYZvv3v9mKYRk0AF0brrOgn0MqKAU8FGJS/VLCH0hgxY11BJIqZ72fieEd4ySh+HsTJPAh6r3xMZibQeRoGZjAhc699eLv7ndVMIj3oZl0kKTNKvRWEqMMQ4Lwf3uWIUxNAQQhU3f8X0mihCwVRYMiW4v0/+S1p7Nfegtn+xX66fFHXMoQ20iSrIRYeojs5RAzURRXfoAT2hZ+veerRerNev0QmryKyjH7DePgGD2Zpv</latexit>

�n(t, t0) = e�En(t�t0)

<latexit sha1_base64="fFcNTLK0R9QzZlxJo36UMl9coAI=">AAAB/nicbZDLSsNAFIYn9VbjLSqu3AwWQRBKIt6WRTcuK9gLNKFMJpN26GQS5iKUUPBV3LhQxK3P4c63cZpmoa0/DHz85xzOmT/MGJXKdb+tytLyyupadd3e2Nza3nF299oy1QKTFk5ZKrohkoRRTlqKKka6mSAoCRnphKPbab3zSISkKX9Q44wECRpwGlOMlLH6zoEvY9sPkYBaw1NYUBT1nZpbdwvBRfBKqIFSzb7z5Ucp1gnhCjMkZc9zMxXkSCiKGZnYvpYkQ3iEBqRnkKOEyCAvzp/AY+NEME6FeVzBwv09kaNEynESms4EqaGcr03N/2o9reLrIKc804pwPFsUawZVCqdZwIgKghUbG0BYUHMrxEMkEFYmMduE4M1/eRHaZ3Xvsn5xf15r3JRxVMEhOAInwANXoAHuQBO0AAY5eAav4M16sl6sd+tj1lqxypl98EfW5w8MRJRF</latexit>

ūu+ d̄d
<latexit sha1_base64="QySqogG3QH7EDOYcmSU2AJ55Soc=">AAACAnicbVDNS8MwHE39nPWr6km8BIcgDEcrfh2HXoReJrgPWLuRZukWljYlSYUxhhf/FS8eFPHqX+HN/8Z060E3HwQe771fkt8LEkalsu1vY2FxaXlltbBmrm9sbm1bO7t1yVOBSQ1zxkUzQJIwGpOaooqRZiIIigJGGsHgJvMbD0RIyuN7NUyIH6FeTEOKkdJSx9r3ZGh6XEeyG6DrwhJ02yW3fdKxinbZngDOEycnRZCj2rG+vC7HaURihRmSsuXYifJHSCiKGRmbXipJgvAA9UhL0xhFRPqjyQpjeKSVLgy50CdWcKL+nhihSMphFOhkhFRfznqZ+J/XSlV45Y9onKSKxHj6UJgyqDjM+oBdKghWbKgJwoLqv0LcRwJhpVszdQnO7MrzpH5adi7K53dnxcp1XkcBHIBDcAwccAkq4BZUQQ1g8AiewSt4M56MF+Pd+JhGF4x8Zg/8gfH5A1njlXk=</latexit>

KK+ K+K� -2.0

-1.5

-1.0

-0.5

1 2 3 4 5 6 7 8 9 10

Q6 matrix element, ΔI = 1/2, n=1, a-1≈1.4 GeV

tππ - top

Lüscher-Wolff, NPB339,222(1990)



Lattice 2026         Masaaki Tomii (RIKEN R-CCS) 7

Interpolation with multiple subtraction schemes

2 subtraction schemes

Eππ / mK

Q6

Q2
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-0.2

0
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subt(K→π=0)
subt(K→vac=0)

interpolated
GPBC 2020

Eππ / mK

I = 0, L = 32, Q6
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I = 0, L = 32, Q2

: power divergent ~

<latexit sha1_base64="Fqi9tle6GgUtkcmuzfw9ATJQHDg="></latexit>

→Qsubt
i =Qi−αis̄γ5d

<latexit sha1_base64="FFyLgfHGcml1T1cneJTx67sGQok=">AAACDHicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcChMwOvTBhdnYzM2tCNvyCB6/6Gd6MV//Br/AXHGAPAlYySaWqu6e7/FhwbVz328ltbG5t7+R3C3v7B4dHxeOTpo4SxbDBIhGptk81Ci6xYbgR2I4V0tAX2PLH9zO/9YRK80g+mkmMvZAOJQ84o8ZK7a4OSKHe5/1iyS27c5B14mWkBBlq/eJPdxCxJERpmKBadzw3Nr2UKsOZwGmhm2iMKRvTIXYslTRE3Uvn+07JhVUGJIiUfdKQufq3I6Wh1pPQt5UhNSO96s3E/7xOYoLbXsplnBiUbPFRkAhiIjI7ngy4QmbExBLKFLe7EjaiijJjI1qeFCs+HNmLAps0RzW1CXmreayT5lXZq5Qr9etS9S7LKg9ncA6X4MENVOEBatAABgJe4BXenGfn3flwPhelOSfrOYUlOF+/LTecHw==</latexit>

Qi

<latexit sha1_base64="UF8FohsJCfivU3VyMDGQcZUkmVE="></latexit>md−ms

a2
s̄γ5d

AWI kills its ME on shell but …

• important for statistical precision

• makes interpolation more accurate

<latexit sha1_base64="0YVSp/z4tk2p9V/XoEl4avR+90c="></latexit>

〈0|Qsubt
i |K〉= 0

<latexit sha1_base64="svRWNJokURrME7cv5WAD3u0zlIE="></latexit>

〈π|Qsubt
i |K〉= 0⇒ αi =

md−ms

ms+md

〈π|Qi|K〉
〈π|s̄d|K〉- just for systematic error estimation


- leaves power divergence on CP-odd 
part a little at finite Ls 

- primary scheme
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RI/SMOM schemes

Qj

<latexit sha1_base64="w5QVQNJ93qNSicsUYZSBSeasbos=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bsB/QhrLZbtq1m03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38389hPXRsTqAScJ9yM6VCIUjKKV2j0Tlhr9x3654lbdOcgq8XJSgRz1fvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1UfUuqzeNy0rtNo+jCCdwCufgwRXU4B7q0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8Ap+2PJQ==</latexit>

p1

<latexit sha1_base64="bGdnzAHiWgzet6b3pLwhLxXT37M=">AAAB7nicbVBNSwMxEJ3Ur7p+VT16CRbBU9kVQb0VvXisYD+gXUo2zbah2WxIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SAlurO9/o9La+sbmVnnb29nd2z+oHB61TJppypo0FanuRMQwwSVrWm4F6yjNSBIJ1o7GdzO//cS04al8tBPFwoQMJY85JdZJ7Z6JPdUP+pWqX/PnwKskKEgVCjT6la/eIKVZwqSlghjTDXxlw5xoy6lgU6+XGaYIHZMh6zoqScJMmM/PneIzpwxwnGpX0uK5+nsiJ4kxkyRynQmxI7PszcT/vG5m4+sw51Jllkm6WBRnAtsUz37HA64ZtWLiCKGau1sxHRFNqHUJeS6EYPnlVdK6qAWXtZuHy2r9toijDCdwCucQwBXU4R4a0AQKY3iGV3hDCr2gd/SxaC2hYuYY/gB9/gCAw48L</latexit>

p2

<latexit sha1_base64="pRNcfLdTsVGY3kP7fcZfGEhI3oA=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0lKQb0VvXisYD+gDWWz3bRLN5tldyOU0B/hxYMiXv093vw3btMctPXBwOO9GWbmhZIzbTzv2yltbG5t75R33b39g8OjyvFJRyepIrRNEp6oXog15UzQtmGG055UFMchp91werfwu09UaZaIRzOTNIjxWLCIEWys1B3oyJXD+rBS9WpeDrRO/IJUoUBrWPkajBKSxlQYwrHWfd+TJsiwMoxwOncHqaYSkyke076lAsdUB1l+7hxdWGWEokTZEgbl6u+JDMdaz+LQdsbYTPSqtxD/8/qpia6DjAmZGirIclGUcmQStPgdjZiixPCZJZgoZm9FZIIVJsYm5NoQ/NWX10mnXvMbtZuHRrV5W8RRhjM4h0vw4QqacA8taAOBKTzDK7w50nlx3p2PZWvJKWZO4Q+czx+CR48M</latexit>

p2

<latexit sha1_base64="pRNcfLdTsVGY3kP7fcZfGEhI3oA=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0lKQb0VvXisYD+gDWWz3bRLN5tldyOU0B/hxYMiXv093vw3btMctPXBwOO9GWbmhZIzbTzv2yltbG5t75R33b39g8OjyvFJRyepIrRNEp6oXog15UzQtmGG055UFMchp91werfwu09UaZaIRzOTNIjxWLCIEWys1B3oyJXD+rBS9WpeDrRO/IJUoUBrWPkajBKSxlQYwrHWfd+TJsiwMoxwOncHqaYSkyke076lAsdUB1l+7hxdWGWEokTZEgbl6u+JDMdaz+LQdsbYTPSqtxD/8/qpia6DjAmZGirIclGUcmQStPgdjZiixPCZJZgoZm9FZIIVJsYm5NoQ/NWX10mnXvMbtZuHRrV5W8RRhjM4h0vw4QqacA8taAOBKTzDK7w50nlx3p2PZWvJKWZO4Q+czx+CR48M</latexit>

p1

<latexit sha1_base64="bGdnzAHiWgzet6b3pLwhLxXT37M=">AAAB7nicbVBNSwMxEJ3Ur7p+VT16CRbBU9kVQb0VvXisYD+gXUo2zbah2WxIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SAlurO9/o9La+sbmVnnb29nd2z+oHB61TJppypo0FanuRMQwwSVrWm4F6yjNSBIJ1o7GdzO//cS04al8tBPFwoQMJY85JdZJ7Z6JPdUP+pWqX/PnwKskKEgVCjT6la/eIKVZwqSlghjTDXxlw5xoy6lgU6+XGaYIHZMh6zoqScJMmM/PneIzpwxwnGpX0uK5+nsiJ4kxkyRynQmxI7PszcT/vG5m4+sw51Jllkm6WBRnAtsUz37HA64ZtWLiCKGau1sxHRFNqHUJeS6EYPnlVdK6qAWXtZuHy2r9toijDCdwCucQwBXU4R4a0AQKY3iGV3hDCr2gd/SxaC2hYuYY/gB9/gCAw48L</latexit>
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<latexit sha1_base64="bGdnzAHiWgzet6b3pLwhLxXT37M=">AAAB7nicbVBNSwMxEJ3Ur7p+VT16CRbBU9kVQb0VvXisYD+gXUo2zbah2WxIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SAlurO9/o9La+sbmVnnb29nd2z+oHB61TJppypo0FanuRMQwwSVrWm4F6yjNSBIJ1o7GdzO//cS04al8tBPFwoQMJY85JdZJ7Z6JPdUP+pWqX/PnwKskKEgVCjT6la/eIKVZwqSlghjTDXxlw5xoy6lgU6+XGaYIHZMh6zoqScJMmM/PneIzpwxwnGpX0uK5+nsiJ4kxkyRynQmxI7PszcT/vG5m4+sw51Jllkm6WBRnAtsUz37HA64ZtWLiCKGau1sxHRFNqHUJeS6EYPnlVdK6qAWXtZuHy2r9toijDCdwCucQwBXU4R4a0AQKY3iGV3hDCr2gd/SxaC2hYuYY/gB9/gCAw48L</latexit>
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p1

<latexit sha1_base64="bGdnzAHiWgzet6b3pLwhLxXT37M=">AAAB7nicbVBNSwMxEJ3Ur7p+VT16CRbBU9kVQb0VvXisYD+gXUo2zbah2WxIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SAlurO9/o9La+sbmVnnb29nd2z+oHB61TJppypo0FanuRMQwwSVrWm4F6yjNSBIJ1o7GdzO//cS04al8tBPFwoQMJY85JdZJ7Z6JPdUP+pWqX/PnwKskKEgVCjT6la/eIKVZwqSlghjTDXxlw5xoy6lgU6+XGaYIHZMh6zoqScJMmM/PneIzpwxwnGpX0uK5+nsiJ4kxkyRynQmxI7PszcT/vG5m4+sw51Jllkm6WBRnAtsUz37HA64ZtWLiCKGau1sxHRFNqHUJeS6EYPnlVdK6qAWXtZuHy2r9toijDCdwCucQwBXU4R4a0AQKY3iGV3hDCr2gd/SxaC2hYuYY/gB9/gCAw48L</latexit>

Qi

<latexit sha1_base64="KYny2ecrTP2mEEU4fXQKc4oOpbU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjy2YD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akm93O/84RK81g+mmmCfkRHkoecUWOlTl+HpeaAD8oVt+ouQNaJl5MK5GgMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxbnzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814Y2fcZmkBiVbLgpTQUxM5r+TIVfIjJhaQpni9lbCxlRRZmxCJRuCt/ryOmlfVb1a9bZZq9Tv8jiKcAbncAkeXEMdHqABLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wemaY8k</latexit>

NP free

Amputated vertex functions

<latexit sha1_base64="Xl+V49bsa+jqSCdoWdAfxGuMIhM=">AAACH3icbZC7TsMwFIYdrqXcAkyIJaJCKktJECqMFSwwVJRLL6IJleM6ranjRLaDVEURz8LACo/Bhlj7FLwCbpuBtvySpV//Ocf2+dyQEiFNc6DNzS8sLi1nVrKra+sbm/rWdk0EEUe4igIa8IYLBaaE4aokkuJGyDH0XYrrbu9iWK8/Yy5IwO5lP8SODzuMeARBqaKWvmsLL/vQislT8hjfXh3dla/LSd72o8OWnjML5kjGrLFSkwOpKi39x24HKPIxk4hCIZqWGUonhlwSRHGStSOBQ4h6sIObyjLoY+HEoxUS40AlbcMLuDpMGqP070QMfSH6vqs6fSi7Yro2DP+rNSPpnTkxYWEkMUPjh7yIGjIwhjyMNuEYSdpXBiJO1F8N1IUcIqmoTd4UctLpqo08BZ9gnihC1jSPWVM7LljFQvHmJFc6T1llwB7YB3lggVNQApegAqoAgRfwBt7Bh/aqfWpf2ve4dU5LZ3bAhLTBL6G+ozA=</latexit>

ZRI/SMOM

ij
(µ) <latexit sha1_base64="oacIwa3/SuiHVigM/nDqRiOhpBk="></latexit>

µ2 = p21 = p22 = (p1°p2)2
<latexit sha1_base64="ZPte9ZF08PYpFesj58yaP9oZ994=">AAACEnicbZDLTgIxFIbP4A3xhrp000hMcENmiEGXRDcuMZFLZIB0Sgca2pmx7ZiQCW/hwq0+hjvj1hfwKXwFC8xCwJM0+fP/57SnnxdxprRtf1uZtfWNza3sdm5nd2//IH941FBhLAmtk5CHsuVhRTkLaF0zzWkrkhQLj9OmN7qZ5s0nKhULg3s9jmhH4EHAfEawNlbXVX7uofdYdEV83i338gW7ZM8KrQonFQVIq9bL/7j9kMSCBppwrFTbsSPdSbDUjHA6ybmxohEmIzygbSMDLKjqJLOtJ+jMOH3kh9KcQKOZ+3ciwUKpsfBMp8B6qJazqflf1o61f9VJWBDFmgZk/pAfc6RDNEWA+kxSovnYCEwkM7siMsQSE21ALd4USTYYmh/5hjejcmIIOcs8VkWjXHIqpcrdRaF6nbLKwgmcQhEcuIQq3EIN6kBAwgu8wpv1bL1bH9bnvDVjpTPHsFDW1y99tp5r</latexit>

Zq(µ)2

Aoki et al, PRD78,054510 (2007)

operator carries momentum 
with “symmetric” magnitude

freeNP
<latexit sha1_base64="ZPte9ZF08PYpFesj58yaP9oZ994=">AAACEnicbZDLTgIxFIbP4A3xhrp000hMcENmiEGXRDcuMZFLZIB0Sgca2pmx7ZiQCW/hwq0+hjvj1hfwKXwFC8xCwJM0+fP/57SnnxdxprRtf1uZtfWNza3sdm5nd2//IH941FBhLAmtk5CHsuVhRTkLaF0zzWkrkhQLj9OmN7qZ5s0nKhULg3s9jmhH4EHAfEawNlbXVX7uofdYdEV83i338gW7ZM8KrQonFQVIq9bL/7j9kMSCBppwrFTbsSPdSbDUjHA6ybmxohEmIzygbSMDLKjqJLOtJ+jMOH3kh9KcQKOZ+3ciwUKpsfBMp8B6qJazqflf1o61f9VJWBDFmgZk/pAfc6RDNEWA+kxSovnYCEwkM7siMsQSE21ALd4USTYYmh/5hjejcmIIOcs8VkWjXHIqpcrdRaF6nbLKwgmcQhEcuIQq3EIN6kBAwgu8wpv1bL1bH9bnvDVjpTPHsFDW1y99tp5r</latexit>

Zq(µ)2

<latexit sha1_base64="RTroNyzKt5v5Ged0gstMWrS1XYs=">AAACC3icbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4xkUcEQmaHXpgwO7uZmTUhGz7Bg1f9DG/Gqx/hV/gLDrAHASuZpFLV3dNdfiy4Nq777eTW1jc2t/LbhZ3dvf2D4uFRQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqj26nffEKleSQfzDjGbkgHkgecUWOlZkcH5LHX6BVLbtmdgawSLyMlyFDrFX86/YglIUrDBNW67bmx6aZUGc4ETgqdRGNM2YgOsG2ppCHqbjpbd0LOrNInQaTsk4bM1L8dKQ21Hoe+rQypGeplbyr+57UTE1x3Uy7jxKBk84+CRBATkentpM8VMiPGllCmuN2VsCFVlBmb0OKkWPHB0F4U2KA5qolNyFvOY5U0LspepVy5vyxVb7Ks8nACp3AOHlxBFe6gBnVgMIIXeIU359l5dz6cz3lpzsl6jmEBztcv5iacAQ==</latexit>

ZV
<latexit sha1_base64="AiiidISeBuTIblynJ6C0Rxtuyqw=">AAACDXicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsK9iGdoWTSO21okhmSjFCGfoMLt/oZ7sSt3+BX+Aum7Sxs64HA4Zx7b+49YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epotCkMY9VJyQaOJPQNMxw6CQKiAg5tMPR7dRvP4HSLJYPZpxAIMhAsohRYqz06OsIt3q+SHvlilt1Z8CrxMtJBeVo9Mo/fj+mqQBpKCdadz03MUFGlGGUw6TkpxoSQkdkAF1LJRGgg2y28ASfWaWPo1jZJw2eqX87MiK0HovQVgpihnrZm4r/ed3URNdBxmSSGpB0/lGUcmxiPL0e95kCavjYEkIVs7tiOiSKUGMzWpyUKDYY2osiGzUDNbEJect5rJLWRdWrVWv3l5X6TZ5VEZ2gU3SOPHSF6ugONVATUSTQC3pFb86z8+58OJ/z0oKT9xyjBThfv6j1nPk=</latexit>

Vµ

p1

<latexit sha1_base64="bGdnzAHiWgzet6b3pLwhLxXT37M=">AAAB7nicbVBNSwMxEJ3Ur7p+VT16CRbBU9kVQb0VvXisYD+gXUo2zbah2WxIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SAlurO9/o9La+sbmVnnb29nd2z+oHB61TJppypo0FanuRMQwwSVrWm4F6yjNSBIJ1o7GdzO//cS04al8tBPFwoQMJY85JdZJ7Z6JPdUP+pWqX/PnwKskKEgVCjT6la/eIKVZwqSlghjTDXxlw5xoy6lgU6+XGaYIHZMh6zoqScJMmM/PneIzpwxwnGpX0uK5+nsiJ4kxkyRynQmxI7PszcT/vG5m4+sw51Jllkm6WBRnAtsUz37HA64ZtWLiCKGau1sxHRFNqHUJeS6EYPnlVdK6qAWXtZuHy2r9toijDCdwCucQwBXU4R4a0AQKY3iGV3hDCr2gd/SxaC2hYuYY/gB9/gCAw48L</latexit>

p2

<latexit sha1_base64="pRNcfLdTsVGY3kP7fcZfGEhI3oA=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0lKQb0VvXisYD+gDWWz3bRLN5tldyOU0B/hxYMiXv093vw3btMctPXBwOO9GWbmhZIzbTzv2yltbG5t75R33b39g8OjyvFJRyepIrRNEp6oXog15UzQtmGG055UFMchp91werfwu09UaZaIRzOTNIjxWLCIEWys1B3oyJXD+rBS9WpeDrRO/IJUoUBrWPkajBKSxlQYwrHWfd+TJsiwMoxwOncHqaYSkyke076lAsdUB1l+7hxdWGWEokTZEgbl6u+JDMdaz+LQdsbYTPSqtxD/8/qpia6DjAmZGirIclGUcmQStPgdjZiixPCZJZgoZm9FZIIVJsYm5NoQ/NWX10mnXvMbtZuHRrV5W8RRhjM4h0vw4QqacA8taAOBKTzDK7w50nlx3p2PZWvJKWZO4Q+czx+CR48M</latexit>

p2

<latexit sha1_base64="pRNcfLdTsVGY3kP7fcZfGEhI3oA=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0lKQb0VvXisYD+gDWWz3bRLN5tldyOU0B/hxYMiXv093vw3btMctPXBwOO9GWbmhZIzbTzv2yltbG5t75R33b39g8OjyvFJRyepIrRNEp6oXog15UzQtmGG055UFMchp91werfwu09UaZaIRzOTNIjxWLCIEWys1B3oyJXD+rBS9WpeDrRO/IJUoUBrWPkajBKSxlQYwrHWfd+TJsiwMoxwOncHqaYSkyke076lAsdUB1l+7hxdWGWEokTZEgbl6u+JDMdaz+LQdsbYTPSqtxD/8/qpia6DjAmZGirIclGUcmQStPgdjZiixPCZJZgoZm9FZIIVJsYm5NoQ/NWX10mnXvMbtZuHRrV5W8RRhjM4h0vw4QqacA8taAOBKTzDK7w50nlx3p2PZWvJKWZO4Q+czx+CR48M</latexit>

p1

<latexit sha1_base64="bGdnzAHiWgzet6b3pLwhLxXT37M=">AAAB7nicbVBNSwMxEJ3Ur7p+VT16CRbBU9kVQb0VvXisYD+gXUo2zbah2WxIskJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8SAlurO9/o9La+sbmVnnb29nd2z+oHB61TJppypo0FanuRMQwwSVrWm4F6yjNSBIJ1o7GdzO//cS04al8tBPFwoQMJY85JdZJ7Z6JPdUP+pWqX/PnwKskKEgVCjT6la/eIKVZwqSlghjTDXxlw5xoy6lgU6+XGaYIHZMh6zoqScJMmM/PneIzpwxwnGpX0uK5+nsiJ4kxkyRynQmxI7PszcT/vG5m4+sw51Jllkm6WBRnAtsUz37HA64ZtWLiCKGau1sxHRFNqHUJeS6EYPnlVdK6qAWXtZuHy2r9toijDCdwCucQwBXU4R4a0AQKY3iGV3hDCr2gd/SxaC2hYuYY/gB9/gCAw48L</latexit>

<latexit sha1_base64="ZPte9ZF08PYpFesj58yaP9oZ994=">AAACEnicbZDLTgIxFIbP4A3xhrp000hMcENmiEGXRDcuMZFLZIB0Sgca2pmx7ZiQCW/hwq0+hjvj1hfwKXwFC8xCwJM0+fP/57SnnxdxprRtf1uZtfWNza3sdm5nd2//IH941FBhLAmtk5CHsuVhRTkLaF0zzWkrkhQLj9OmN7qZ5s0nKhULg3s9jmhH4EHAfEawNlbXVX7uofdYdEV83i338gW7ZM8KrQonFQVIq9bL/7j9kMSCBppwrFTbsSPdSbDUjHA6ybmxohEmIzygbSMDLKjqJLOtJ+jMOH3kh9KcQKOZ+3ciwUKpsfBMp8B6qJazqflf1o61f9VJWBDFmgZk/pAfc6RDNEWA+kxSovnYCEwkM7siMsQSE21ALd4USTYYmh/5hjejcmIIOcs8VkWjXHIqpcrdRaF6nbLKwgmcQhEcuIQq3EIN6kBAwgu8wpv1bL1bH9bnvDVjpTPHsFDW1y99tp5r</latexit>

Zq(µ)2
<latexit sha1_base64="VHprhLBsesMQVhWLrojsGFudF0A="></latexit>

ZV =
〈π|Vconserved

i |π〉
〈π|Vi|π〉

<latexit sha1_base64="+so9VDzThKZzu6/UKi9FKC6+kmU="></latexit>

Z∗
V =

〈Vconvserved
i (1.0 fm)Vi(0)†〉
〈Vi(1.0 fm)Vi(0)†〉

Matrix elements renormalized by ZV and ZV* should have the same a → 0 limit
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a → 0 of matrix elements

Globally constrained continuum extrapolation with multiple determinations of 
Zq(μ) from ZV & ZV*


GPBC 2020 results included

Lattices are coarse → systematic error from continuum limit ~20%

a2 [fm2] a2 [fm2]
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Prospect for finer lattice calculations
10

aEππ(I=0, n=1) on 483 x 96, 1.7 GeV

t0

New ensembles realize closer-to-physical 
kinematics with the 1st excited ππ state in 
the rest frame

More direct calculation of on-shell matrix 
elements possible
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Lattice 2026         Masaaki Tomii (RIKEN R-CCS)

Statistics concerning
11

-0.030

-0.025

-0.020

-0.015

-0.010

-0.005

0.000

0 2 4 6 8 10 12

tππ - top

ΔI = 1/2, n = 1 Q6 matrix element 

on 483 x 96, a-1 ≈ 1.7 GeV

nice plateau, but S/N worrisome

116 configs

    (cf. ~470 configs on coarser lattices)


precision per configuration slightly worse

only ~180 configurations available with 2,000 
low modes
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Increasing stochastic noise vectors

All-to-all quark propagators

‣ 2,000 low modes for ud

‣ spin-color-time dilution for high modes


         (4x3x96) x Nhit CG inversions


Significant reduction of statistical 
error with more high modes observed

12

<latexit sha1_base64="9GnpQX+bFbkvCLc2EzVBOx/S37Y="></latexit>

〈Oσ(22)Qsubt
6 (16)OK(0)†〉disconn.

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

1 hit 2 hits 4 hits

5 configs
161 configs

<Oσ(22)Q6subt(16)OK(0)†>|type4
:dominant error source for ImA0

More stochastic noise vectors

σK Qi = 6



Lattice 2026         Masaaki Tomii (RIKEN R-CCS)

Significant error sources
13

Statistical error

(12-15% on ReA0, ImA0) will be significantly reduced by more stochastic high modes

Finite lattice spacing/    
continuum limit

(~20% on ReA0, ImA0)

finer-lattice calculations being pursued - 1.7 GeV, 2.4 GeV, …

Step scaling /

perturbative                    matching

(~14% on ReA0)

step scaling being implemented to higher scales (μh: 4 GeV → 8 GeV) 
and its continuum limit planned [J. Hildebrand’s talk]

NNLO matching could also improve

Charm-loop effect

(~12% on ReA0, ImA0)

sol1: directly introduce charm quark on a-1 ≈ 2.35 GeV (and finer)

sol2: nonperturbatively match 3-flavor MEs to 4-flavor ones

sol3: NNLO for 3-flavor Wilson coefficients

EM/IB effects

(~25% on ε’/ε)

framework has been established 

‣ Christ et al, PRD106, 014508 (2022) / Christ, Lundstrum 2606.26336


exploratory lattice calculation planned

<latexit sha1_base64="4bJEhipSEApk+wJ1H62daibECVk=">AAACHnicbVDLSgMxFM3UV62vUTeCm2ARXJUZkeqy6MZNsVL7gM5QMmmmDc0kQ5IRylC/xYVb/Qx34la/wl8w03ZhWy8EDuece2/uCWJGlXacbyu3srq2vpHfLGxt7+zu2fsHTSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61geJPprUciFRX8QY9i4keoz2lIMdKG6tpHngoL9epd1dPCE8aZDUqr9XHXLjolZ1JwGbgzUASzqnXtH68ncBIRrjFDSnVcJ9Z+iqSmmJFxwUsUiREeoj7pGMhRRJSfTi4Yw1PD9GAopHlcwwn7tyNFkVKjKDDOCOmBWtQy8j+tk+jwyk8pjxNNOJ4uChMGtYBZHLBHJcGajQxAWFLzV4gHSCKsTWjzk2JJ+wNzUWiyp0RmCbmLeSyD5nnJLZfK9xfFyvUsqzw4BifgDLjgElTALaiBBsDgCbyAV/BmPVvv1of1ObXmrFnPIZgr6+sXFtyjig==</latexit>

SMOM→MS

* percentages are preliminary
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Summary
Finishing up Iwasaki+DSDR data analysis

‣ Consistency seen on 1.38 GeV ensemble b/w PBC & GPBC

‣ Careful study on various systematic errors

‣ Multiple lattice ensembles and 1st attempt at a → 0


Towards calculations on Iwasaki ensembles

‣ Promising pathway to reducing the systematic error from a → 0

‣ Statistical errors to be reduced by more high modes

‣ Work also continues to reduce other systematic errors

14
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Interpolation of        matrix element
Axial Ward identity

<latexit sha1_base64="NI9pAZBQx9nmU3kfr0m5NfkGwF4=">AAACJnicbVG7TsMwFHXKq5RXgZHFokViqpJKFMYKFsYi0YfURNGN47RW7SSyHaSq6sq3MLDCZ7AhxMYf8Au4bQZoOZKlo3Pute89DlLOlLbtT6uwtr6xuVXcLu3s7u0flA+POirJJKFtkvBE9gJQlLOYtjXTnPZSSUEEnHaD0c3M7z5QqVgS3+txSj0Bg5hFjIA2kl/GbpDwUIAe4qqropIbgMTKHYAQ4F/gsOqXK3bNngOvEicnFZSj5Ze/3TAhmaCxJhyU6jt2qr0JSM0Ip9OSmymaAhnBgPYNjUFQ5U3mm0zxmVFCHCXSnFjjufq7YwJCqbEITOVsZrXszcT/vH6moytvwuI00zQmi4eijGOd4FksOGSSEs3HhgCRzMyKyRAkEG3C+3tTKtlgaDaKzB8wKqcmIWc5j1XSqdecRq1xV680r/OsiugEnaJz5KBL1ES3qIXaiKBH9Ixe0Kv1ZL1Z79bHorRg5T3H6A+srx+OwqWv</latexit>

s̄γ5d

<latexit sha1_base64="D+U9wP7EA7JGX0C1O+yaxKiONas="></latexit>

(ms+md)s̄γ5d= ∂µs̄γµγ5d

<latexit sha1_base64="Rk9LrHDCBzYydzoK7kl/mTwvAiI="></latexit>

〈ππ|s̄γ5d|K〉 ∼ (EK−Eππ)〈ππ|s̄γ4γ5d|K〉
<latexit sha1_base64="/P18uCnFxL4ZoKkbI+bQr6oW4hw=">AAACJnicbVHLSgMxFM3UV62vqks3wSJU0DIjUl0W3bisYB/QKSWT3mlDM8mQZMQydOu3uHCrn+FOxJ1/4C+YPha2ekPgcM69Sc5JEHOmjet+Opml5ZXVtex6bmNza3snv7tX1zJRFGpUcqmaAdHAmYCaYYZDM1ZAooBDIxhcj/XGPSjNpLgzwxjaEekJFjJKjKU6eezrMOcbiV3/ZLyKfhTIh1SKU90HzkfHnXzBLbmTwn+BNwMFNKtqJ//tdyVNIhCGcqJ1y3Nj006JMoxyGOX8RENM6ID0oGWhIBHodjpxMsJHluniUCq7hcET9vdESiKth1FgOyNi+npRG5P/aa3EhJftlIk4MSDo9KIw4dg6H8eCu0wBNXxoAaGK2bdi2ieKUGPDmz8pVqzXt45C+wcM1Mgm5C3m8RfUz0peuVS+PS9UrmZZZdEBOkRF5KELVEE3qIpqiKJH9Ixe0Kvz5Lw5787HtDXjzGb20Vw5Xz90TqWr</latexit>→ 0 (on-shell)

Linear interpolation of           matrix element certainly consistent with zero
<latexit sha1_base64="NI9pAZBQx9nmU3kfr0m5NfkGwF4=">AAACJnicbVG7TsMwFHXKq5RXgZHFokViqpJKFMYKFsYi0YfURNGN47RW7SSyHaSq6sq3MLDCZ7AhxMYf8Au4bQZoOZKlo3Pute89DlLOlLbtT6uwtr6xuVXcLu3s7u0flA+POirJJKFtkvBE9gJQlLOYtjXTnPZSSUEEnHaD0c3M7z5QqVgS3+txSj0Bg5hFjIA2kl/GbpDwUIAe4qqropIbgMTKHYAQ4F/gsOqXK3bNngOvEicnFZSj5Ze/3TAhmaCxJhyU6jt2qr0JSM0Ip9OSmymaAhnBgPYNjUFQ5U3mm0zxmVFCHCXSnFjjufq7YwJCqbEITOVsZrXszcT/vH6moytvwuI00zQmi4eijGOd4FksOGSSEs3HhgCRzMyKyRAkEG3C+3tTKtlgaDaKzB8wKqcmIWc5j1XSqdecRq1xV680r/OsiugEnaJz5KBL1ES3qIXaiKBH9Ixe0Kv1ZL1Z79bHorRg5T3H6A+srx+OwqWv</latexit>

s̄γ5d

→Linear interpolation may give accurate on-shell matrix elements compared to 
statistical uncertainly
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<latexit sha1_base64="Rk9LrHDCBzYydzoK7kl/mTwvAiI="></latexit>

〈ππ|s̄γ5d|K〉 ∼ (EK−Eππ)〈ππ|s̄γ4γ5d|K〉
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matrix element w & w/o KK
16

<latexit sha1_base64="NI9pAZBQx9nmU3kfr0m5NfkGwF4=">AAACJnicbVG7TsMwFHXKq5RXgZHFokViqpJKFMYKFsYi0YfURNGN47RW7SSyHaSq6sq3MLDCZ7AhxMYf8Au4bQZoOZKlo3Pute89DlLOlLbtT6uwtr6xuVXcLu3s7u0flA+POirJJKFtkvBE9gJQlLOYtjXTnPZSSUEEnHaD0c3M7z5QqVgS3+txSj0Bg5hFjIA2kl/GbpDwUIAe4qqropIbgMTKHYAQ4F/gsOqXK3bNngOvEicnFZSj5Ze/3TAhmaCxJhyU6jt2qr0JSM0Ip9OSmymaAhnBgPYNjUFQ5U3mm0zxmVFCHCXSnFjjufq7YwJCqbEITOVsZrXszcT/vH6moytvwuI00zQmi4eijGOd4FksOGSSEs3HhgCRzMyKyRAkEG3C+3tTKtlgaDaKzB8wKqcmIWc5j1XSqdecRq1xV680r/OsiugEnaJz5KBL1ES3qIXaiKBH9Ixe0Kv1ZL1Z79bHorRg5T3H6A+srx+OwqWv</latexit>

s̄γ5d
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t2

<latexit sha1_base64="Rk9LrHDCBzYydzoK7kl/mTwvAiI="></latexit>

〈ππ|s̄γ5d|K〉 ∼ (EK−Eππ)〈ππ|s̄γ4γ5d|K〉

Eππ / mK

<latexit sha1_base64="Rk9LrHDCBzYydzoK7kl/mTwvAiI="></latexit>

〈ππ|s̄γ5d|K〉 ∼ (EK−Eππ)〈ππ|s̄γ4γ5d|K〉Effective matrix element

tππ - top
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n = 1 with various GEVP

n = 0, 1, 2, 3, 4 with KK operator

GEVP w/o KK can’t isolate 
this huge matrix element
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K → KK
KQi

KK

u,d,s

s

d

d

s

Kγ5

KK
s

d

d

s

suppressed if 

KQi

KK

u,d,s

s

d

d

s

= 0

Not suppressed
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             operators mix with

K → vac subtraction scheme

<latexit sha1_base64="NI9pAZBQx9nmU3kfr0m5NfkGwF4=">AAACJnicbVG7TsMwFHXKq5RXgZHFokViqpJKFMYKFsYi0YfURNGN47RW7SSyHaSq6sq3MLDCZ7AhxMYf8Au4bQZoOZKlo3Pute89DlLOlLbtT6uwtr6xuVXcLu3s7u0flA+POirJJKFtkvBE9gJQlLOYtjXTnPZSSUEEnHaD0c3M7z5QqVgS3+txSj0Bg5hFjIA2kl/GbpDwUIAe4qqropIbgMTKHYAQ4F/gsOqXK3bNngOvEicnFZSj5Ze/3TAhmaCxJhyU6jt2qr0JSM0Ip9OSmymaAhnBgPYNjUFQ5U3mm0zxmVFCHCXSnFjjufq7YwJCqbEITOVsZrXszcT/vH6moytvwuI00zQmi4eijGOd4FksOGSSEs3HhgCRzMyKyRAkEG3C+3tTKtlgaDaKzB8wKqcmIWc5j1XSqdecRq1xV680r/OsiugEnaJz5KBL1ES3qIXaiKBH9Ixe0Kv1ZL1Z79bHorRg5T3H6A+srx+OwqWv</latexit>

s̄γ5d
<latexit sha1_base64="oBNH63v7TrZbNq6s5eRTwgRoS3k=">AAACInicbVC7TgJBFJ3FF+Jr1VKLiWBihbsUaGNC1EI7TOSRsITMDndhwuzOZmbWhBAav8XCVj/DzliZ+A/+ggNsIehJJjk559479x4/5kxpx/m0MkvLK6tr2fXcxubW9o69u1dXIpEUalRwIZs+UcBZBDXNNIdmLIGEPoeGP7ia+I0HkIqJ6F4PY2iHpBexgFGijdSxDz1f8G5IdB8XPBXkvGvgmuDbC/e0VOjYeafoTIH/EjcleZSi2rG/va6gSQiRppwo1XKdWLdHRGpGOYxzXqIgJnRAetAyNCIhqPZoesUYHxuliwMhzYs0nqq/O0YkVGoY+qZysq9a9Cbif14r0cF5e8SiONEQ0dlHQcKxFngSCe4yCVTzoSGESmZ2xbRPJKHaBDc/KZas1zcXBSZ/BnJsEnIX8/hL6qWiWy6W70r5ymWaVRYdoCN0glx0hiroBlVRDVH0iJ7RC3q1nqw36936mJVmrLRnH83B+voBW0+jag==</latexit>

∆I= 1/2

: power divergent ~

<latexit sha1_base64="Fqi9tle6GgUtkcmuzfw9ATJQHDg="></latexit>

→Qsubt
i =Qi−αis̄γ5d

<latexit sha1_base64="FFyLgfHGcml1T1cneJTx67sGQok=">AAACDHicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcChMwOvTBhdnYzM2tCNvyCB6/6Gd6MV//Br/AXHGAPAlYySaWqu6e7/FhwbVz328ltbG5t7+R3C3v7B4dHxeOTpo4SxbDBIhGptk81Ci6xYbgR2I4V0tAX2PLH9zO/9YRK80g+mkmMvZAOJQ84o8ZK7a4OSKHe5/1iyS27c5B14mWkBBlq/eJPdxCxJERpmKBadzw3Nr2UKsOZwGmhm2iMKRvTIXYslTRE3Uvn+07JhVUGJIiUfdKQufq3I6Wh1pPQt5UhNSO96s3E/7xOYoLbXsplnBiUbPFRkAhiIjI7ngy4QmbExBLKFLe7EjaiijJjI1qeFCs+HNmLAps0RzW1CXmreayT5lXZq5Qr9etS9S7LKg9ncA6X4MENVOEBatAABgJe4BXenGfn3flwPhelOSfrOYUlOF+/LTecHw==</latexit>

Qi

<latexit sha1_base64="0YVSp/z4tk2p9V/XoEl4avR+90c="></latexit>

〈0|Qsubt
i |K〉= 0

<latexit sha1_base64="0cfiZvrW61BTALMHtl3mHjhAv2U="></latexit>

⇒ αi =
〈0|Qi|K〉

〈0|s̄γ5d|K〉
K → π subtraction scheme

<latexit sha1_base64="w/3/V9NGcZiaSSsqJyHpLn0QvXk="></latexit>

+ms+md

a2
s̄d

<latexit sha1_base64="YMSILfCsicA2FRxj2snVyzW2BsE="></latexit>

−αi
ms+md

md−ms
s̄d

<latexit sha1_base64="svRWNJokURrME7cv5WAD3u0zlIE="></latexit>

〈π|Qsubt
i |K〉= 0⇒ αi =

md−ms

ms+md

〈π|Qi|K〉
〈π|s̄d|K〉

<latexit sha1_base64="UF8FohsJCfivU3VyMDGQcZUkmVE="></latexit>md−ms

a2
s̄γ5d

power-divergent part 
is mutual at infinite Ls
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interpolation of ZV* / ZV
19
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10 % discrepancy in the 
continuum limit

Z of 4-quark operator ~ 
<latexit sha1_base64="iAsPaGLNTTxCtqkUC0MysUAer7Q=">AAACDXicbVDLTgIxFL3jE/GFunTTSExckRli0CXRjUtM5KEwkk7pQEPbmbQdEzLhG1y41c9wZ9z6DX6Fv2CBWQh4kiYn59x7e+8JYs60cd1vZ2V1bX1jM7eV397Z3dsvHBw2dJQoQusk4pFqBVhTziStG2Y4bcWKYhFw2gyG1xO/+USVZpG8M6OY+gL3JQsZwcZK9x0d5h+6jcdyt1B0S+4UaJl4GSlChlq38NPpRSQRVBrCsdZtz42Nn2JlGOF0nO8kmsaYDHGfti2VWFDtp9OFx+jUKj0URso+adBU/duRYqH1SAS2UmAz0IveRPzPaycmvPRTJuPEUElmH4UJRyZCk+tRjylKDB9ZgolidldEBlhhYmxG85NixfoDe1Foo2ZUjW1C3mIey6RRLnmVUuX2vFi9yrLKwTGcwBl4cAFVuIEa1IGAgBd4hTfn2Xl3PpzPWemKk/UcwRycr1/7w5yP</latexit>

Z2V

→ 20% error also expected


