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Plan of talk

® Introduction

o Generic AS = 2 four quark operatorsin the physics Beyond
Standard Model

® Calculation of perturbative renor malization factors

» Simulation Results

® Measurement of
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Introduction
® Purpose

o Focuson theindirect CP violation in neutral kaon physics
determine parameter € usingfirst principle of QCD
= examination of SM, constraints on the physics BSM

® |[ndirect CP violation parameter e

es” 1 -
€ ~ Im _<K0|HAS=2|KO>
\/EAMK 2mK ef f
GZ
HE? = F;M\%\/Flnami—LinC(ﬂ)oLL(ﬂ)

® Bagparameter for SM
- _ 8
(KOISy"(1 - 75)dSy"(1 - y5)dIK?) = 2Bk Ficmi

= §K_°|§y”(1 — 5)dSy* (1 — y5)d|K®)
8 (KO|Sy#(1 — v5)d|0)(0]Sy(1 — y5)dIKO)
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AS = 2 transition in super symmetric model

S g d S (S d d
| R
3 ' d
X X g g
d | . 8
d I I S R S
g d g g

® Effective Hamlltonlan M. Ciuchini et al.,.JHEP 9810(1998)008

Hert - Z GO + Z ofe! Ci, Ci : Wilson coefficients

O = sy(1- Ys)dasgn(l - ¥5)d,0; = §°(1 - y5)d*F(1 - y5)
O3 = S'(1 - y5)d’F(1 — y5)d*,04 = S"(1 — y5)d* (L + y5)F
Os = (1 - ys)d’ & (1 + y5)d°

Operator Oy » 3 are obtained from the O1 23 by exchange L < R

the physics beyond the SM involvesthe four quark operatorswith
more general chiral structuresthan the SM
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Lattice QCD calculations
® Theratioof BSM-to SM- matrix elements

_ (KO (w)K?)

= — , i=2,...,5
(K101 (1) IK?)

Ri(u)

® B-parameter for SM

(KOOy ()IKO)
8 (KOI3y,,y5d10)(0ISy, y5dIK®)

B1(u) = Bk () =
® B-parametersfor BSM

KOO, 0
B (1) = _(_K |O|(/l)|}§> iZ2 5
Ci(KY|sysd|0)¢0|sysd|KO)

convention factors:Cj = {%,—%,—2,—%}

Some systematic errors are expected to cancel out in the R and B;
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Perturbative renormalization factors

Operatorson thelattice|| Matching| MS in continuum

2 factor ’

Chiral symmetry in the Domain Wall fermion
= Therenormalization patterns of four quark operatorsare sameasin
the continuum

® O, isrenormalized multiplicatively
® mixing between O, and O3
® mixing between O, and Oy

One loop renormalization factors with mean field improvement

1
(1 -wo)?Zg

Where matching scaleisu = 1/a

OMS(u) = Zi;(u@)0j(1/a)"
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® Numerical valuesof Z; with mean field improvement

0.7287 0 0 0 0

0 0.6845 —0.00156 0 0

zf}'aq“e“e(u = 1/a) = 0  -00352 0.8682 0 0
0 0 0 0.6325 —0.0414
0 0 0 ~0.0689  0.7564

0.8062 0 0 0 0

0 0.8124  —0.00679 0 0

Z{"* % (1 = 1/a) = 0  -00156  0.9241 0 0
0 0 0 0.7847  —0.0427
0 0 0 ~0.0477  0.8425

® Plaguettegaugeaction: 8 = 6.0,a™1 = 2.12GeV, M = 1.311
® |wasaki gaugeaction: 8 = 2.6, a1 = 2.00GeV, M = 1.420

# Oy isrenormalized multiplicatively,
mixing between O, and O3, O4 and Os

o Thelwasaki gauge action showsthe smaller 1-loop correction
than the Plaguette gauge action.
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Simulation parameters

Same parametersasin previous CP-PACS calculation of €' /e

® Domain Wall fermion with wall height M = 1.8
» mya=0.02,0.03,0.04,0.05,0.06
# Degenerate quark massfor d and s

® Plaguette gauge action at 8 = 6.0
o al=x~212GeV from Sommer scaler
o latticesize: N2 x Ny x N5 = 16° x 32 x 16
o 180 configurations

® |wasaki gaugeaction at 8 = 2.6
o al=~200GeV from Sommer scaler,
o latticesize: N2 x Ny x N5 = 16° x 32 x 16 and 243 x 32 x 16

® 400 configurationsfor N3 = 163
400 or 200 configurationsfor N3 = 24°
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Simulation Results for R
® Theratioof BSM-to SM- matrix el ements

KO0 0 KOO 0
<£°IO.(u)IK>:>[i2} [m2M<5°|O.m)|K>} 22 s
(KOO (u)IK®) LM lexp | (KOJO1 () IKO) |y

R) =

o (KOOy|K®) o g
= theratio divergesin thechiral limit
» Thefactor of m, isto keep theratio finitein the chiral limit

& My iIsthe pseudo scalar masson thelattice
® [Mk]exp Isthe experimental value of kaon mass

® Fitting functions
® quadraticform: R = by + bymsa + by(m;a)?
o logarithmicform: R = Dby + bymsa + bomsalog (m;a)
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® Ouark massdependenceof R = ||  [m2, KUK
0 - R < lexp L M (KOO1 (w)[K®) Jjat

-10 T N T N T N T 7 N T N T N T N T
\
Y\
L R 1 LY R O Iwasaki 16’32x16 ||
2 D\ 3 3
N L]  Iwasaki 24°x16x32
'\ 3
-15+ _| 6 \\\\ & plaq.uette 16°x16x32 |}
N -~ log fit
\ — quadratic fit

N
o
T

Iwasaki 16°x32x16
Iwasaki 24°x16x32 ||
, plaquette 16°x16x32
25147 log fit .
quadratic fit
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~

I I
0 0.02 0.04 0.06 0.0¢ 0 0.02 0.04 0.06 0.08

ma ma

: T T T T T T T 12 T T T I T I T

\

34y R O iwasaki 16*32x16 ] r R O wasaki 16’32x16 ]
LN 4 ] iwasaki 24%32x16 || 11 5 [ iwasaki 24°x16x32 ||
. < plaguette 16°x32x16 <> plaquette 16°x16x32 ]
32 \\ —— log fit U L - - log fit d

. N — quadratic fit — quadratic fit
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® R at thephysical point with the quadratic fit

Plaquette | wasaki
16x32x16 163x32x16 24°x32x16
R, 1 1 1
R, -17.64(49)(12) -19.03(32)(2) -18.53(12)(1)
Rs 4.57(13)(3) 5.03(08)(0) 4.91(03)(0)
R,  26.77(60)(6) 29.69(39)(2)  29.39(15)(0)
Rs 8.10(18)(2) 9.00(12)(1) 8.80(05)(0)

o Small volume dependence

o 10% disrepanciesfor Ry and Rs between |wasaki and Plaquette
could be O(&?) effects

|<W|Oi (WK (i = 2,...,5) aremuch larger than |<W|Ol(,u)|K0>|
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» Comparison with the overlap results

-10 * x * x * x * x * 10 * x * x * x * x *

L R N L R O  Iwasaki 16° 1

2 3 (] iwasaki 24°
15L 8 <& plaquette 16° _
- - log fit
\ — quadratic fit
i S Overlap [B=5.85]| |
\\\\\\ A Overlap [B=6.0]
-20+ 6
O  Iwasaki 16°
7 [ Iwasaki 24° b r _—
///’// <& plaquette 16° ] . = = = —-

-25 {// —— log fit — 4+

e — quadratic fit

| Overlap [p=5.85] | | |

A Overlap [=6.0]
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3 F - - log fit i
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2 2 2 2
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® Consstent resultsfor R, and Rs
® |argediscrepanciesfor Ry and Rs
® Possible source for the discrepancies

o Renormalization method
& 1-loop perturbation vs Non-perturbative RI/MOM scheme

Future work

® Non-Perturbative renormalization for DWF using Schodinger
functional method
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Simulation Results for B
® B-parameter for SM

(KOJOy ()| KO)

By (1) = B() = ——— _
8 (K[, 5010)(0/Sy,75dIKO)

® B-parametersfor BSM

KOO, 0
B.(1) = _<|_< |O|(ll)|K_> | =2 5
Ci(KY|sysd|0)¢0|Sysd|K®)

convention factors: C; = {2, -3, -2, —%}
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Quark mass dependence of Bk

By

0.8 T { T { T { T { T { T {
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Fitting function :

0.8

0.7

0.5

0.4
0

O Iwasaki 16°x32x16
O wasaki 24°x32x16

0.04
am

0.06

Bk = B(1 — 3cmsalog(msa) + bmsa)

The solid symbolsdenote the interpolated results at mga/?2
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_(KAO@IK®)
Ci(K?sysd|0){0|sysd|K?)

® Quark massdependenceof B; =

1 T T T T T T T T T l . . . . .
I I I I —‘

L 3 |
ool O B, [Plaguette 163x32x16] O B, liwasak 16°x32x16]
-1 O B, [Plaquette 163x32x16] 0.9 4O B, lIwasak 16°x32x16]
0l O B, [Plaquette 163x32x16] O B, (wasaki 16°x32x16]
. O B, [Plaquette 16°x32x16] 0.8 O B, [lwasaki 163X32X16]
- — log fit . 53
B quadratic fit A B, [lwasaki 24°x32x16]
m 0.7 o 0.7 /\ B, [wasaki 24°x32x16]
/\ B, [wasaki 24’x32x16]
0.6 06 A B, [Iwasaki 24°x32x16]
) —— log fit
— (quadratic fit
05 / 0.5 n
// 7
3 A J
0.4 | | | | | | | | | O 4 | L
0 0.02 0.04 0.06 0.08 0.1 ’ 0.08 0.1
m.a

® Fitting function
® quadraticfit : B; = by + bymsa + by(msa)?
o logarithmicfit : B; = by + bymsa + bomsalog(m;a)
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® B at thephysical point with quadratic fit

Plaquette | wasaki
163 x32x16 163x32x16 243x32x16
B; 0.6135(91) 0.5839(45) 0.5817(11)

B, 0.5653(58)(4) 0.5600(36)(2) 0.5413(13)(0)
B; 0.7337(78)(5)  0.7386(50)(3) 0.7160(19)(0)
B, 0.7132(78)(19) 0.7285(50)(2) 0.7172(17)(7)
Bs 0.6474(83)(15) 0.6640(45)(3) 0.6466(15)(6)

o Volume and gauge action dependences are small
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®» Comparison with the other fermion results

Overlap: , Wilson:
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. 3 T
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L arge discrepanciesfor By, B; and B, between our resultsand the
other fermion results.

Consistency for Bs

Possible sour ces of discrepancies

o Renormalization method
& 1-loop perturbation vs Non-perturbative RI/MOM scheme

» (KO|3ysd|0) itself could be different
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Summary

® Measurementsof matrix elementsfor generic AS = 2 four quark
oper ator

® DWF + Plaquetteon 162 x 32 x 16 latticesat a1 ~ 2GeV
® DWF +lwasaki on 163 x 32 x 16 and 243 x 32 x 16 latticesat a1 ~ 2GeV

9 |<W|Oi(,u)|K°>| (i=2,...,5) much larger than |<W|Ol(,u)|K°>|
o Small volume dependences

® Comparison with the previous wor ks using different fermion
actions
o Largediscrepanciesfor some matrix e ements

o Difference of renor malization methods could be a large source

of discrepancies
& 1-loop perturbation vs Non-perturbative RI/MOM scheme

Future work

Non-Perturbative renormalization for DWF using Schodinger functional
method
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