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€| = 2.228(11) x 10-3 from “odd” mixing b/w K° & KO
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CP violation & K = 1t

CP odd

K> = |IKo> + elKi>

g ¢ | indirect
direct CPV

CPV

CP even
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CP even

Discovered in 1964

e’ only found in decays Discovered in 1999

> RG(SI/S)exp = 1.66(23) x 10-3
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Kaon physics map
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Experlment vs RBC/UKQCD at physical mn
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» BFZ AT —J)L: mw =80 GeV, mz =91 GeV
» QCD A7 —JL: Nacp ~ 300 MeV
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Wilson coefficients Effective operators
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Current-current operators

Q1 =

enter when ns = 4

QCD penguin operators

(Sacs)v_a(Csda)v-a & Q5 = (5

c)v—al(cd)v_a

sum over g runs for all active quarks

EW penguin operators
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K = itm Amplitude and €’
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Maiani-Testa no-go theorem (1990)
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FHEARVIR SR

IF=
$J““_§_ L CI:%I El',] @7 _|j. 7\”/&%& 2+1 MDWF ensembles with physical mn
ClcERN mpg TD /2T %% S——
_ L
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Variational method

GEVP (Generalized Eigenvalue Problem)

C(t)vn (t7 tO) — >\n (t, tO)C(to)Vn (t, to) C(t): N x N correlator matrix C,p(t) = (O,(t)Op(0)T)

> O, = >_.v; .0, only couples with n-th state (& N+1-th & higher states)

> An(t,tg) = e St

SofFE->TLWD nn JEE F

gl

> Tlp=(0,0,0)TTp=(0,

e ) om0 TS

S =2 T RILEF—RELSN OIERS M
p=(0 1,1)T[p=(0 1,-1) J -0

> Tlp=(1,1,1)TTp=(-1,-1,-1)

» KK~ KK + KTK™ : new entry
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G-parity IBHRFHETDS
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0.35 -

0.34 ~
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<4  1lop(O,) — 1state
<+ 20ps(0,, Op) — 2state
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<4 3ops — 2states
<4 3o0ps — 3states
" .
" Fb ]
] RN
\ 4
o) Yo +’ '¢ '+
exp + disp T
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3 4 5 6 7 8

tmin for fit

0.40 -
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¢ (unpublished)
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(From dispersion theory + expl. data)
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ik D AP & Eifrii R

e =
B EHZ RO TITINERZEE
B + 1IEBI{L/N T XY - TAREANL/CS XS EFERE a
l & DA
O — Osubt = O - 3200w (NERHEIDIFRE) &
O’ = Or=Z O’ (FERIIEDIAH * log HEIDIRE)
O AFNT-= + 1IFRME/NT XY > AF¥—L - AT VTR D IABRITHERE

> IR FREMREKT - BEEULERE 0(@?), O@%), ... BEUI R L

l IEA{EIN S X 9 DERE
EiiEfR: a - 0
DI AFENTc= w/o 1IERIME/N T XY - W EDRTy FEEHIETFRIBTITVN a —» 0 DIEEHRD S
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RI/SMOM schemes

RI/SMOM(H) p2 N
— H2=P%=P§=(P1—P2)2
( ) Qi operitor carrie.s:nomer.ltum
q H pz NP 01 05 free

with “symmetric” magnitude

Amputated vertex functions

Zq (“) ZV i <T[‘Viconserved I77)

- (m|Vilm)

convserved +
q(p) </\\>\|p </\\>free — 7 (V! (1.0 fm)V; (0) )

(V;(1.0 fm)V;(0)T)

Matrix elements renormalized by Zv and Zv should have the same a — 0 limit
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MEwYW (1.3 GeV), Zy at 1.0 fm
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—0 O stat error (Zy)
045120, L , stat error (Zy)
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075k _ GPBC (Zy) —&
-0.80
-0.85 H
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=@ I O(1%) 128,
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(example estimation)

' Ciligriano et al, JHEP 02, 032 (2020)
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> Coulomb correction to rtitrt+ scattering |[Christ et al, PRD106 (2022), 1, 014508
> Transverse radiation contribution to €’ [Christ-Lundstrum, 2606.26336]
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