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Plan of talk

® Definiton of Bx and its renormalization factor.
® Strategy to derive RGI By

® SF scheme (definition of non-perturbative renormalization factor)

» Simulation results
o RGI By

» Scaling behavior of SSF at g?(L) = 3.480

® Renormalization of quark mass

$ Summary
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Definition of By and its renormalization factor

® The kaon B parameter: By
(Kl5y*(1 = ys)dsy*(1 = y5)dIK®)

BK = —
8 (KOL5y#(1 = y5)dI0)O0l5y#(1 — y5)d|KO)

obtained Bg with quenched domain-wall fermion
= We need non-perturbative renormalization for By

® Renormalization factor for By
Zvy+aa(80,al) _ Zya+av(8o, apt)
Z5(80) Z7(80)

Zp (au) =

» DWEF has a good chiral symmetry even on lattice

o Zy(go) = Z4(go) has been showen by CP-PACS

$ Zyyviaa(go,au) = Zyarav(8o, ap)
- =this relation will be checked later
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Our strategy

® Lattice bare B(Ig) with DWF
= Renormalization group invariant (RGI) Bx

o -ZBK (8o) = g€£+AV(m’ HMmax) Z\Ij}:JrAv(,umaXa HMmin) Zg}:(go, afmin)
III E I

® Three steps for RGI By via SF scheme.

L. Bﬁ?) = B(I?F) (aumin) at hadronic scale
suppress lattice artifact O(au) : au < 1

II. Non-pert. RG running : B(I?F)(,umin) = B?F)(,umax)

III. Perturbative running to RGI: B(;F)(,umax) = By

® [II. III. are reguralization independent.
Possible to evaluate with cheap Wilson fermion.
Already calculated by for Ovsiav
= Ovya+av has no mixing problem even for wilson fermion.

® Our target: L. Zy s, 4v(20, aiimin) With DWE,
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Set up for SF scheme

® SF formalism

t=L o } O; i a® 2 WZ; (@F{;(Y) parity odd

t_* O Ovarav = W1Yh2)W3yuysva) + W1yuysw2)Wsyubs)
ime
t=0 \

i space O;j=a’y, gy Gi(OTL ()

® Correlation function ( )

. 1 N ,
. le](X0) = 3 (O21[T'41045[I'B10y 4, 4y (X)O55[Ic )

® Orbifolding construction for SF with DWF
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In order to cancel divergence due to boundary operator

» boundary-boundary correlation function

fi=- 2L6<012[y5]021[y5]> ki= o ;wazmwzlmp

Three specific cases

Scheme 1 Scheme 3 Scheme 7
Ty Ty 75

hi( ) V55Y5 75]( O) hi( ) Y5,Yk 7k]( O) hi( V5, Yk ')/k]( O)
1140 3/2 ’ 3 X0) = 3/2 ’ 7 X0) = 1/2k
1 h 1

Renormalization condition

cont
hS

Zya+avs(80, ap)h (xo; go) = (X0, 80) lgg=0, s=1,3,7

Renormalization factor
-  hi (%03 80)lge=0
VAAVSS = it (x0; 80)
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Simulation parameters

$® Same parameters as in previous CP-PACS calculation of By

o Domain-wall fermion with M = 1.8 and N5; = 16
o Iwasaki gauge action at 5 = 2.6, 8 = 2.9, 8 = 3.2(new,not in the

paper)
correspondingtoa™' ~2.a ' ~3,a"! ~ 4 GeV

® Renormalization factor Zy 4. 4v (8, au)

® pimin = 2Lpnax~ Def. of Lingy t 32 (Limax) = 3.480

Zvasay at B=2.6,4=129,5 =32

® Fine tuning of § to give aN; = aN; = 2L« = 1.498r,

Lnax/a 6 8 10 12 14 16 18
B 2446 | 2.6339 | 2.7873 | 29175 | 3.03133 | 3.0313 | 3.2254
# of conf | 1000 1000 1000 1018 716 556 564
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Simulation results

® Numerical result for Zy and Zy g4y

7z ZVA+AV; 1 (gO’au’ min)

— ‘ ‘ 3 | Lia=16

1.3~ .

l.j -e- -e- i [ @:

|l & eeseseSy |
# Ogeesees® | = °

09 T

0.85 . 091~ £E%*

-
ogb—0 1 0.8, 2

We take the value at xo = Ny /2 ( )

Zys+av:s(xo = 16/2, aptmin)
Z:(xg = 16/2, apimin)

Zp. (almin) = = 1.2708(53)

External Review on Center for Computational Sciences(@ University of Tsukuba 2007) — p.8/2:



Strategy to derive RGI By

® Lattice bare Bﬁ?) with DWF

= Renormalization group invariant (RGI) Bx

» ZBK (8o) = Z\€£+Av(ooy Mmax) lej£+Av(/~lmax, Mmin) Zg,f(go, (fmin)

II II I
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® Result for RGI Zp, and By (quench)

1.5 ‘ T T
. O Scheme 1
A Scheme 3
<& Scheme 7
1.4
13 I //,//
1.2+ //:,/%/

Y Y Sy

0.95

0.9

0.85

0.8

0.75

0.7

scheme 1
scheme 3
scheme 7

v tmQCD (Alpha)

» DWF(RBC)
1 1 1 1 1 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4
mva

o Fitting form Zz (8) = a; + b (8- 3) + c1(8 — 3)?

Bx =0.773 (7)(preliminary) : Scheme 1
Bx =0.760 (7)(preliminary) : Scheme 3
Bx =0.778 (7)(preliminary) : Scheme 7

Bx = 0.786(31)
Bx = 0.789(46)

: RBC
: Alpha

® Error is smaller

>

»

»

Scaling behaviour is better
Error of each data is smalle

The smallest lattice spacing
is finer
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Conversion of RGI Bx to that in MS scheme

® Conversion from RGI to MS NDR at i = 2GeV by NLO PT

2 2715’)
— g—(u) | G0 oy .
BMS(NDR, ) = | X ex [f d (7 -0 )]B
: : [ 4m 1o “\Ble) " bog)| "

® Gauge coupling

A (o) 5 ¢ L e f | L
e — =) o exp|— Xp|— - —

® Ay =0.586(48)/rg
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® Comparison of our result for B K(M_S, 2GeV) with previous ones

B (NDR,2GeV) vs. m a

0.8 | ' |
©  KS (non-invariant)

KS (invariant)

|
O
&
CP-PACS(perturbation)
CP-PACS(scheme 1)

. CP-PACS(scheme 3)
0.7+ » CP-PACS(scheme 7)
. Alpha (tmQCD)

Vi
> RBC(DWF)

0.6 % L 7 : - -
= ®F B

0.5 | ' ' ' '

» BYS(NDR,2GeV) = 0.557(5)( *) (preliminary)
B?(NDR, 2GeV) = 0.567(4) : CP-PACS(perturbative ren.)
BMS(NDR, 2GeV) = 0.563(21)  : RBC
BMS(NDR, 2GeV) = 0.573(34)  : Alpha
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Further checks

® Scaling behavior of Step Scaling Function

ZVA+AV;s(gOa a/2Lmax)
ZVA+AV;s(gO’ a/Lmax)

ZVA+AV;S(M7 Lmax/a) —

® Chiral symmetry breaking effect in renormalization factor

Zya+Av = Zyv+AA
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Scaling behavior of SSF at g°(L) = u = 3.480

. Zya+av:s(80, a/2Lmax)
Ova+av:s(W) = im Xy s av.s(U, @/ Linax) = i
a=0 ZVA+AV;s(gO, a/Lmax) 2%=u
£ "(wa/L) vs. &/L with g°(L)=3.480 TREE LEVEL £, *(ua/L)

| T T T T 5.5 T T T T T T T

l T
sk CP-PACS (M=1.8) _ sl
L Alpha (Clover action) i

0
o
oo

T T
:: \
o
N
i \
h \

Alpha (Wilson action)

continuum (Alpha)

=
* 824 a :
¥V = =

a/L. ' a/L.

® Boundary O(a) effect is large at M = 1.8
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Results at N5 = 8 and N5 = 32

X, "(wa/L) vs. N,

o———T7————7 T 7 T T T T T T 7 T
' Zl+(u,L/a=4) '
1.4 — + —
A T (ul/a=6) o
< 12+ |
+r«f 1 _
0.8 - - _

0.6 — I ST R W T S AT T ! T
0 5 10 15 20 25 30 35

N

#® No N5 dependence
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Our solution

® SOLUTION1 : resultsatM =14

TREE LEVEL £, "(u,a/L) £, (a/L) vs. a/L with g°(L)=3.480
35T ‘ ‘ \ ‘ ‘ \ ‘ ‘ 16— ‘ ‘ \ ‘ ‘ \ ‘
T EM:})E O 7 i % CP-PACS (M=1.4)
' A continuum (Alpha)
45 AN = 141 i

| I I | I I 0.6 | I I | I I |

a/L a/L

Scaling violation is small
» Mtadpole ~ 1 . L. . .
Continuum limit is consistent with Alpha’s
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SOLUTION 2 : Tree-level improvement

CONT Lattice

Zya+avis(80, aphs (x05 80) = hy(X0, 0)™ lgy=0 = hy(x0, 0) liree

T +(u,a/L) vs. a/L with g°(L)=3.480

1.6 | ' ' ! ' |

_ M=1.8 (tree level imp.) |
CP-PACS (M=14)
L4 continuum (Alpha) |
o '
< 1% _
P -wge g . '
« | O S T T -
: T : &
_~— ~ —_ -
- =~ ~— ~ )
—

0.8 % 7

| 1 1 | L L l : I

0.6 0 0.1 0.2

# Scaling behavior is improved

# Continuum limit is consistent with Alpha’s
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® Scaling behavior of SSF for Zp,

. ZBK;s(gOa a/szax)
Z:BK (4, Lmax/a) =
ZBK;s(gOa a/Lmax)
T (wall)
K

1.3 | T T T T T T T
i O ZBK(M=1.8) i
O ZM=14 |
L35 . Combined fit (linear) _-- ]
L * Continuum (combined fit) _-" - _ -]
121 /:::/’ ] —

=
W
[
|
|
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|

—— =
—_
_——

_——
——
———
-_—

® Resultsat M = 1.4 and M = 1.8 are consistent

® O(a) error is patrly cancelled in Zp,
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® Chiral symmetry breaking effect

o WT Identity
s 6q1 = —iysqi, 64 =iysdi, O = iysé)

(Ova+avOlLD)s = (Oyyv+aaO'[{])s

= ZyviAa = ZyA+Av

o For the domain-wall case
& S — § + 7Y :Yis the chiral symmetry breaking term

(Ova+avOlLD)s = (OvyianO'[{Ds+y
# (Oyy+4a0'[{])s

(Ova+avOI[l)s © (OyyiaaO'[{)s
We investigate if Zyy,4a = Zya.4v holds or not.
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Result for ZVA+AV;1 and ZVV+AA;1 (N5 = 16)

ZVA+AV;1 VS ZVV+AA;1
1.6 ‘ ‘ ‘ — T T 1 T ]
L/a=16
O ZVA+AV b
b A ZVV+AA h
&
2
1.2 T
& satttasT
-
1~ ]
& -
0'80 ‘2 ﬁ K‘L ‘6 E‘i 1‘0 1‘2 1‘4 16
t

9 Good agreement between Zy 4. 4y.; and Zyy,a4:1

o Zp, ZVA“‘V : justified
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Quark mass renormalization
® RGI quark mass

_do g (1) d
_ 20T 2by _f d (T(g) 4o ))
M = () (2bog" (1) exp( A8 g T o

9 Zm(gO) — gZT(m’ ,umaxz gnljp(/lmaXa ,umin) gnljp(go, a,uminz

-~

11 1 I
o Lattice bare mass with DWF = RGI mass

» [II, III: given by Alpha collab. for PCAC mass
®  Zn(80, attmin) = 1/Zp(g0, aimin) for DWF

RGI Zm(p) RGI u,d mass
1.8 ‘ ‘ 6 ‘ ‘ ‘ ‘ ‘
1.7 | ] 5.9 T
| —~58 ¢
1.6 - | %
| = 57 ¢
1.5 | -
| E 56! }
4 3 1 5.5 |
1.3 ‘ ‘ 5.4 ‘ ‘ ‘ ‘ ‘ ‘
2 25 3 3.5 o 01 02 03 04 05 06 07
B a (GeV )

External Review on Center for Computational Sciences(@ University of Tsukuba 2007) — p.21/2:



® MS scheme at 1 = 2 GeV

d

_ . \2\Tp M5 (w) MS d
MS(y = M [ 2ha[ oM ) f Jo| T(8) _ do
0 = (20ufe00) ) exo| [ a o e

® Ay = 0.586(48)/r) as an input.

m_4(u=2 GeV) [MeV] m (u=2 GeG) [MeV]

— 140 :
| 130 o ‘
L _ |- AFCD =) ///
E@@Q “Sget T j 120 1 I
g E e ¥ A S I P PRI SO
- \‘Z‘VVVV;\;\ 1 110 %4/:«; - zv v<><>©<> ]
- - ] - Ny
i @owrner| 100 DDE LR :3% 'I;l'll:"RRi
- ,
W DWF PTR |4 O VWI, qStd
= ovwlgsd || 90 | o AWI, qStd [
O AWI, gStd || < VWI, glmp ||
<> VWI, glmp | | v AWI, gqlmp
vAWIL, gmp|| 80 r >KS, p=2.6 []
>KS, p=2.6 || ]
2.0 : : L L 70 L L I |
0.0 0.5 _11.0 1.5 0.0 0.5 _11.0 1.5
a[GeV ] a[GeV ]

my(u = 2GeV) = 4.020(58) MeV, my(u =2GeV) = 105.4(15) MeV
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Summary

$® Evaluation of NP renormalization factor for By
o Bare ng) on lattice with DWF — RGI By

# Investigation of chiral breaking effect
$ Zyasav = Zyyviaa in DWQCD

® RGI By = 0.773(7) (preliminary)

® MS Bx(NDR,2GeV) = 0.557(5)( * ) (preliminary)

o Consistent with previous results

® Check of scaling behavior of SSF

® Evaluation of NP renormalization factor for quark mass

Mua(u = 2GeV) = 4.020(58) MeV,  my(u = 2GeV) = 105.4(15) MeV
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