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Overview

* & . Indirect CP violation in K° > 7z decay.
— Experiment: 2.228(11) x 103
— Theory: 2.13(23) x 1073 [SWME arXiv:1503.06613]

* Theory error dominated by (V,)* factor

e & decomposition:
= 2/3 top quark loop

= 1/3 top and charm
= 2 -4% long distance contribution

} short distance
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KO — K% mixing

* AS=1 weak interactions
allow K° and K° to mix.

» CPviolation leads to decay k- £-t7%
eigenstates K, and K¢ which L+ [l
are not CP eigenstates: Ky = 2

' V1 4+ €]
. ImA

e Here ¢is closely related to: x = E+i?
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Conventional calculation of &

e Introduce pS = 2 effective Hamiltonian:

HAS=2 _ Gy
eff 1672
}\i — V;*d I/i,s

AM,

top

[)»377(;(;50 (x¢) + k?ﬁrrSO (x:)

top-
charm

F2A A e So(Xe, Xa‘)} b(1)Qrr

2
e Sy Isthe 1-loop Inami-Lim function and x, = (mq )

e Lattice QCD gives the K°-K° matrix element of Q,, :

K_

3(K'|QLL|K”)

8 /KMy

where

My

Qrr =35(1—y)d35(1—y°)d
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Standard Model Review

 Three up-type propagators:

D -

i=u.,c,t

 GIM subtraction:
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Six contributions to AM and &

Six types of diagram:

8 li(pzfm szm) d

AA; = Ady, Ade and A,

e AMy: A4, 4, term
e &:. A Aand A, A term
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A, A, Box diagram

S d
\\‘ / . o )
IR el @D
/;/ \‘9\ ! L—c ’
. .
t(p2+ 2 pr+m? i ~ : 4
y A ~0.22x(3.2 i 1.34)x10

» Enhanced by 4, /4, ~ 10°
» Suppressed by (m./m)? ~ 4.5 x 10
 Long distance contributes ~ 4% to &
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L_attice Version

« Evaluate standard, Euclidean, 2" order K° — KO amplitude:
. 1 [ I 0
A = (0T (K (Zf)if dtz/ dty Hy (1) Hy (1)) K (l‘z)) 10)
ty ty

I d

\Y
Ell'(tf)‘@—_: Hw Hw K”(t-;’)
f s :CES
d 1}
tb tﬂ
<€ > <€ ><€ >
t-t, t, -t t, -t
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Interpret Lattice Result

L @

—0
M(— K'|Hy|n){n|Hw|K")
— N2, Mgly—n) { ) —
A = Nze Xn: TP ( (ty — 1) MK s
- o Mi—En)(t—ta)
1. Amg M _E.
2. Uninteresting constant @

3. Growing or decreasing exponential:
states with E,, < m, must be removed!

* Finite volume correction:

|H1,;|n )(n|Hw|K") L, d(¢ + ) ek o .
Mg = ZZ o 2= lmolHw | ) col(9 +80) |3,

(N.H. Christ, X. Feng, G. Martinelli, C.T. Sachrajda, (Phys.Rev. D91
(2015) 11, 114510 [arXiv:1504.01170]) Lattice 2015 - July 17 2015 (1)



AS = 1, four-flavor operators

» Choose appropriate N¢=4 effective Hamiltonian:

> 6
IO G /
Hﬁ,‘g_l’ﬂc_il’o — 7% { Z V;Squ Z CiQ}M + V) Via Z Ci Qi}
i=1 =3

q4.9'=u.c

o1 = (5igy)y_y(a,di),_,
e Y - __ current x current
2 = (Siqi)V—A(qjdf)V—A
Q3 = (Eidi)V—A Z (qjqf)V—A |
g=u.ds.c
Qs = (Efdf)V—A Z (aJQi)V—A
g=ud.sc . QCD penguin
Qs = (Eidi)V_A Z (qjqf)]/-ul
g=u.ds.c
Qs = (Eidj)V—A Z (aJQi)V—i-A
g=ud.s.c -
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Diagrams for A, A, contribution to &

 |dentify five types of diagrams

Omit from 15t study

type 1 type 2

type 3 type 4
d &

d — ; - : d u—c  C S
OOO i 1 OO0
: ¢ d 3 .

= 1?2’ J = 1?2 4 $
OOQ ; u@ i ¢ s 3
s m-cc 4 type 5
j=12,j=3456
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Correcting short distance part

B,b d.?ﬂ'i Qi ¢ Qj e 70
Add E;(x) (5v¥(1-2)d) (5rv(1-»)d) | — Ej*(w) + E*(w)

Evaluate off-shell Green’s function at p;> = u 2

Forces internal momentum also to the scale u or greater
L must obey:

- a5 (1 ?) << 1 so perturbation theory is accurate.

— a u<<1 toavoid lattice artifacts.
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Simulation details

Use 243 x 64, 1/a = 1.73 GeV ensemble

m_= 329 MeV, m,= 575 MeV, m_.= 941 MeV
(0.363/a)

Average over 64 separate, time-translated
measurements on 200 configurations.

Use low-mode deflation with 300 Lanczos
eigenvectors

Study 1.4 GeV < 4 < 2.6 GeV
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Short-distance lattice correction

Results for short-distance coefficient E;; and E,, of O, for

the pro

—
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o chitid of=283(7.24

— 02355 + —U.1444Iog&wj I

o0

15 1 17 18 114 2 2.1 22 23X 24 28

Onzh -

ooz

o chiZid.of= 0.30(0 56)
——0.0663 + -0.0434log( )]

1 1 1 1 1 1 1 1
1.5 1E 1.7 1.8 19 2 21 22

pi z
Effect of a cutoff radius |x -y| <R at = 1.93 GeV

1 1 1
23 24 2R

Cutoff 3 4 5 6 none
e 0.1462 0.1501 0.1493 0.1489 0.1489
[ 0.0418 0.0427 0.0425 0.0425 0.0425
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Integrated Correlators
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After short-distance subtraction
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Combine short(PT)- and long(lattice)-

distance parts

o Use C. Lehner’s PhySyHCAI to add back the
correct perturbative short distance part at LO.

Preliminary

po (GeV)|lm MY (10715 MeV) | Im M2 (10715 MeV) [Im M (10715 MeV)
1.54 -0.871(30) -4.772(586) -5.642(64)
1.92 1.065(30) -4.546(54) -5.601(62)
2.11 1.151(31) -4.435(52) -5.586(61)
231 -1.226(31) -4.350(51) -5.576(60)
2.56 -1.302(30) -4.208(50) -5.511(58)
e Result:
tt UtSd Ut|d I m(AO)
5 = (1.806 +0.892 + 0.209(6) + 0.111) X 10 «—

(2.228(11) x 1073 expt.)

Lattice 2015 -- July 17, 2015  (18)



Outlook

Long-distance component of g, will be important
when V, becomes better known.

Accessible to lattice QCD.
Controlled, 15-20% errors should be possible in
~2-3 years, with 1/a > 3 GeV ensembles.

Perturbative calculation of short distance part
needed. (Use Pauli-Villars rather than Rome-
Southampton methods? Xu Feng)
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