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» m: Add extra 5th dimension with mass defect, or domain

wall. 4d Chiral zero modes bound to domain wall.

@\

e Shamir: couple both Weyl fermions to sam auge field
S Yo = & Yaen Y8 Yraw
&= ‘Y.: .INPR"'?’-.!' f
e Chiral symmetry is manifest, left-handed anJ right-handed

quarks are globally separated in the 5th dimension. Explict break-

DOMAIN WALL QUARKS

LH

S (s%d)

—M ) z -1

ing from quark mass m same as in continuum.

 5d spectrum: 1light (Dirac) fermion, N, — 1 heavy fermions;
Elegant flavor interpertation due Neuberger and Naraganan.

¢ Overlap induces exponentially small additive quark mass. Chiral

limit: N, = 00, Myyark = MM (2 — M) = 0.

A Soni, Lat99 ' “A- N - mr and KK Matrix Elomonts with Domain Wall Quarks
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Strategy for X' — 77 calculation

Two Key features:

1. Exploit good chiral properties of DWQ and use LOYPT:

rnar a s. Rev. D s
(Bernard, et al., Phys. Rev. D '85) IMPORTANT LImiTATw

Ao FEL
(K|Qilrm) = A(K™|Qi|n™) + Bi(K°|Q;|V AC)
\}i’(ﬂ{b %mfdmh'

Note (K |Q|V AC) is a non-perturbative subraction correspond-

ing to unphysical 3-d mixing.

2. Need to find proper counterparts of continuum operators:
Simce We Lallice B~ cnitdm - Caﬂw.ﬂﬂﬁ'ﬁ 7 Gl

‘ . e 2.0 Lallir
e B wy S st Q= Z4Q5" G S.AoKkz @ Y.KuRARKY
Use Nonperturbative Renormalization (NPR) method of Mar-
tinelli, Pittori, Sachrajda, Testa and Vladikas, NPB 445 81,1995

to calculate Z;;.

Method has never been used for full AS = 1
Hamiltonian  INVOWES & NON-TRWVIAL DIFFICULTES

A Sani 8= o' o with Domain Wall Quarks
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AS =1 FOUR QUARK OPERATORS

su® x Q¥

Qi(p) = avu(l = y5)datigyu(l — 7ys)us

Qa2(p) = Zavu(l = ys)dptigyu(l — Ys)ue ~ ORIG-4F

. @3s(p) = En'}'p(l = Y5)da Z q.ﬁ'}‘#(l F )
ads,.. % @D b,
Qus(p) = Zavu(1 =)ds Y. @yl F 75)4a
uds,...
- _
Qro(n) = S8l = W)da 3. eq@pmu(l % 75)gs
3}!) i 3 tl,d,!,... wa
Q&lﬂ(ﬂ) - E}'sn'yp(l - 75)‘13 Z eqq-ﬂ'?'ﬂ(l - - %)qn :
ud.s,...

Qlc(ﬂ') T ga'T-p(l - 75)‘1&5;’3‘7;:(1 - '}'E)cﬂ
Q2:(u) = gn’hl(]- i %)dﬂéﬂ#(l - ¥5)Ca

NOTE: active charm and charm integrated out cases are

being investigated.

A, Soni <10 - o' [ with Domain Wall Quarks



e OPE: operators get renormalized, depend on energy scale 1,
O™ (u) = Zi(p)OY™
e Operator Mixing: present in continuum and on the lattice re-

stricted by symmetries, more is better: advantage for DWF

e Use the Regularization Independent Scheme (Martinelli et al
NPB445,81,1995) require Green functions calculated on the lat-
tice between off-shell quark and gluon states equal their tree level
values.

27 (w) (@(p = w)|O™*|q(p = p)) = (alp = w)|0"™*|q(p = p))
¢ Construct amputated vertex from lattice fourier transformed prop-
agator, project out desired spin, color, flavor: Z “Hu)te(PA) = 1

o p* = u? >> 0 to match 31 t:?;:?tzrt:&gn thw)
Procedure is not gauge invariant. i.e., Z's depend on gauge
and external states. After matching to continuum scheme (MS),

O™ () = Zmas(1ty \) Z 51 (aps, \)OX™(a) is gauge invariant.

A, Seni « 15 - ¢ fo with Domain Wisll Gk
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FIGURE 4
The smplivude (R°)(&0 = 25| K°®) x 10" vs. m®. The solid
line is & naive :mum-:} Bt o the dats.

(K9|(&e = 2)2|K®) with Wilson fermions has been pro-
posed in Ref. 32. One starts by writing the CPTh form for
mmmammwmﬂ
for its Wilson lattice counterpart:

(RO|(Aw = DalKY)*™™ =1(px - pr) + -+
(R°|(ae = ﬁulﬂ"' =a+pm’ +1'(pxpr) + t.!]

mm:ﬁpmhﬁ-mm{-ﬂﬁ
mn-nn'lhﬂ:nhhwﬁ-ﬁwm
m-a;-mm.uh-mmuw
sarbstion theory. Note thet for K, R et rest, px ' Pg =
m?; while for the crossed amplivude (K°K®|(As = 2)54l0),
rx-u--ﬂ'-lﬂlhml"-!‘wuﬂh
nu-dnplhﬂlmli-uwﬂdnm:nh-m
hnﬂuvﬂuﬂmnﬂhq'“hcmﬂhnh
to the data. M.ﬂmmwﬁf{nm
hnﬁm},hmn‘mhmmuﬁ-
tude is obtained. In this manner the ELC group obtsina®™

VN L teablens o b amd
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Kaon B parameter (u=2GeV,NDR)
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Figure 11: Sealing of the kaon B parameter, By, renormalised at 2 GeV in the
NDR scheme. Errors on the DWF points are statistical only,
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llustrative Sample of Results for By (2 GeV) from the Lattice

and the Continuum

Wilson, 7 = 6.0, BPT

Wilson, NPR({yWI)
#=59=65

Staggered, 3 = 5.7-6.65

Method Result Ref.

Lattice BJPF (2 GeV) _

Clover, 7 = 6.0, NPR 66+ .11 [ L. Conti et a/. PLB 421, 273 (98).
" ", BPT 65 % .11 "

744£ .04 .05 | T. Bhattacharya et al. PRDSS, 4036 (98)

0.69 £ 0.07

0
628 + 9-432 S. Aoki et al.(JLQCD), PRL 80, 5271 (98)

S. Acki et al.(JLQCD) hep-lat/9901018

" F=6.0, 6264 62+ .02+ .02 | G, Kileup et al. PRD57, 1654 (98)
Stagg, T 7 = 5.70-6.20 5524 .007 | G. Kilcup et al. NP PS63, 293 (98)
MF-SW, = 6.0, 6.2 724 .08 | Lellouch and Lin (UKQCD), hep-lat/9809142
DWQ, NPR 7 = 5.85-6.3 2 06£0.1 |T.Blum et al. (RBRC) Preliminary
Continuum By
Lattice Summary (") | 85+ .13 | including statistics and systematics
VSA 1.0 Jane and John Do‘*

LOXPT ~ .33 G. Donoghue et al. PLB 119,412 (82)
Puolity ~39% 10 | T Pradeaelol 2PC 51,28% 1)
Large N, 704 .07 | W. Bardeen et al. PLB 211, 343(88).
XPT + N 6L 10 | T BIINENS  fep-ph /98 0263.
VQM(NLOPT) 112 S. Bertolini et al. hep-ph /9802405
A Soni -
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0.9 — 0.6

e 075 '_'7?

Al = 3/2 B parameters

Method - B
Stagg, BPT, 3 =6.0,6.2,6.4 | .62+ .03+ .06 .77+ .04+ .04 | G. Kileup et al., PRD57,
1654 (98)

Wilson, BPT, 8 = 6.0 58+ 024 .07 | .81+ .03+ .03 | R. Gupta et al. PRD(58),
4036(97)

ME-SW, 8 = 6.0, 6.2 58 .06+ | .804.084 | Lellouch and Din(UKQCD),
hep-ph /9809142

Clover, 6.0, NPR 72 % .06 1.03(3) L. Conti et al. PLB (98)

" BPT 58 + .02 83(3) "
DWQ, NPR 3 = 5.85, 6.0 15415 | LIS | T Blum et al. (RBRC)
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Significant mass dependence
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