(only light quarks)

(Special thanks to D. Becirevic, M. Golterman
R. Gupta, D. Lin, R. Mawhinney, . : :
J. Noaki and M. Papinutto, S. Sharpe) Guido Martinelli




Hadronic matrix elements 1

Chair. T. Blum Mon, Aug 20, 10:50 . 12:30, hall D
1050 Michkael Chris

. McHeile and . Michael

IO T U S R SRR e,
11:10 Gadivak, Valeriva

Waleriwa Gadivak Miangdong Ji Chulwmoo Jung

L e LORAT R e o B SR B SRR e B e e T e S e oy e
YRR,

11530 Horsley, Roger

E. Horslew

A IR R R LI U U R AU TR SN TN
1150 Sasaki, Shoichi

B.8azaki, T.Elum and 8.0hta

SRR RS il e giinie s G e (RO Bl Saunsy sl LT i anrased
S ety

12:10 Goeckeler , Meinulf

M. Gickeler, B, Horslew, D, Pleiter, P.EL. Rakow, 2. Bchaefer, & Schafer, G, Zchierhols
IBe Z SR RS AP 8 Lanisd S pnalou 8] girsannied & e (RO

oot e MeE My ST SRS D e SRR e e e

< NI |Q(O) N> Q:_Elypq 1aypy5q 1EI q1

qy,b,D D, ...Q



ronic matrix elements

Chair. . Michael Wed, Aug 22, 14:30 - 16:10, hall A
14:30 Schier holz, Gerrit

. Hchierholz, for QCDEF and UEQCD

LAARARER LR W SR L i Fatsanaar Suun geaansied quapd AN s o ks {30
14:50 Mawhinne v, Robert

E. Mawhinoew (EBEC Collaboratomn)

Lot Fasts w800 S0 mrf e s un ey o 8 AT nn s anan st S o Slmen et
15:10 Crigtan, Calin

T. Blum, P. Chen, H. Christ, &, Cristian, &. Dawson, &, Fleming , B, Mawhinnew, 3. Ohta, .
dlegert, & Sond P Varanas, M. Wingate, L. W, Y. 2hestkov

St Fed 4 o0 aond B S8 SF e Faancied S fire (R
15:30 Blom, Tom

T. Blum (REC Collaboration)

Sl it 4 o0 Bebow Ot 8 S8 e Benaon Yurimef Soen grmeancded Lo it (00
15:50 Pena, Carlos

M. Guagnelli J Heitger O, Pena 3. Bt & Vladikasz

B FTAR e i mred S g St dan Fes e {00

b mmendave . e v ST LSS SR e SRR e g e

KO QAS2| K> & «m|Q;| K>




Hadronic matrix elements 3

Chair. M. Goeckeler Thu, Aug 23, 14:30 - 16:10, hall A

14:30

14:50

15:10

15:30

15:50

<KO| Q22| K%, «n | Q| K> &
nn| Q| K>+chiral expansion

<

Papinutto, Mamwro

D Becitewic, PnEBEoucand, ¥ . Zimenes , Z.-JD Lin, ¥ . Lubicz , & Matinelli, M Papinuatio,
F.Rapuano O.T. Zachrajda

S R R D AR B AR FERAL el = A7k, sash Minay ke Saaag,
Becirevic, Damir

D Becitewvic, ¥ . Gimenes, ¥V Lubicz, & Marinelli, M .Papinutto

LR B W T SN ET e RS S B IR U BT T G S R T

Lin, C-J. Davil beamer
SPOR Collaboration

S sy it el g o e famentt fe s she ed e e Al B E R LT

Hoaki, Jun-Ichi

CP-PACE Collaboration: 3. Aocki, ¥, Acki, B. Burkhalter, 3. Ejixi, M. Fukugita 2. Hashimoto,

H. Izhizuka, ¥ . Iwasaki, T. Izvbuchi K. FKanasa, T. Kaneko, ¥ . Furamashi, ¥ . Lesk, K. Hagai
J Moaki(*), M. Okawa, ¥ . Taniguchi, & Ukawa, T. Toshil ‘e

e dty e nnr s o Fr oo i SRR e O e i 07 e Ged”
TR - R (T

Pallante , Elizabetta
Maarten Golterman Elisabetta Pallante
e U AR R T e E AT R T A cup S SR o Slaapnsy
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Chair R. Horsley Thu, Aug 23, 16:40 - 18:00, hall A

15:40 Herdoiza, GTegorio
A Abhada, Ph. Boucawd, & Herdoiza, JP. Lerow, J Micheli, O, Pene , J Rodiiguez-Cuintero
A PEITOUIET T o B e

17:00 Dong, Shao-Jing

vhao-Jing Dong, T. Draper, EKeh Fei Lin, University of Kentcky F. X Lee , George
Washington Uniwersitv and J B. 2hang, Undversitv of Adlaide

SN S PTG, S A T I AR S SRR R SRy
1720 Fiebig, H Rudolf

H Rudolf Fiebig (for the LHPC)
AT SR A AT S BT O B RS R U] TR

e mend e . S i ST S R e SO NS e e e

<0 Q (O)r>
Q=1aY,¥sa, 9Y,YsD,D,Dy -..q




mprovement and renormalization

Chair & Aokl sun, Aug 19, 14:30 - 16:10, hall B
1430 Bal, Gunnar
Cnnar Bali, Peter Bovle, Christine Davies
PR ofe? S e 850 i e -Rea v e 5 L e (RO e &
14:50 Ide, K ivotomo
CR-PACE Collaboration . 8.~A0ki, R ~Burkhalter, M ~Fukugita, 3 ~Hazhimotw, K. ~Ide , F.~Izhi
T o~Iwmzaki, Ko~Fanawa, ToFaneko, ¥ ~Furamazhi, V.~ Lesk, M ~Okawa, ¥ .~ Taniguchi, & ~1T
T~%¥ozhil'e
SEU-RASTTINR FFE SRRV LTS IR KU SR TR SR AR S sR ot e iR
15:10 collins, saTa
o, Collins, 2. Davies, . Lepage, J. Shigemitsu
A NIRRT BFE SR RIIREN B WA AT B e S e e e LR AT
1550 Wittg, Hartmut
P. Hemandez, K. Janzen, L. Lellowch and H, Witz
LU R PRI B U L AT U R crouaains e SO LR - FRERa
SENRNNT
15:50 Bhattacharva, Tanmoy
T. Bhattac haowa, B, Gupta, W, Lee
SRR O BFE SRR LR B S pd fwe s TR e it

G mond i A i ST LR SR B e SRR g e

Perturbative vs Non-perturbati
vs Ward Identities, Scaling et




mprovement and renormalization

Chair 8 Capitani Mon, Aug 20, 10:50 - 12:30, hall B
10:50 Gupta, Rajan

T. Bhattac harva, B, Gupta, "W, Lee, 3. Fharpe

AT AR T U IR T PR AR O CRULTRT

Wolif, Ul

Achim Bode , Roberto Frezzotti, Bemnd Gehomann, Martin Hazenbvach, oohen Heitzer, Karl

Janzen, Mefan Fourth, Jurd Bolf, Hobeit Bimma, Stefan Sint, Rainer Somumer, Peter Weiss,
Hartmut "Wittig and T Wolff

SO RS ) B8E JTOLAEE SRR B (A0 BTES FR0 S A L s

Gehrmann , Bermd

Eernd Gehrmann, Jad Rolf, Btefan Furth, T Wolff

AR A Nk S G PSS R B TN R Ba

IM Perro, M assimo

Magzsimo Di Piermo and Panl Mackens ie

LD B e -par e e ra o B oh ) maresnd S-SR ena T ety
12:10 Hamswir th, Simon

FP. Hazenfratz, 3. Havswich, K. Holland , T, Jorg, F. Hiedemmaser

SR AT o @ P e ey Frrad - Rannt O g i

G mond i A i ST LR SR B e ST e g e

Non-improved, Improved, Twiste
Anisotropic Lattices etc.




mprovement and renormalization

Chair H Wittig Wed, Aug 22, 14:30 - 16:10, hall B
14530 Harada, Junpei

Jonpei Harada, Shoji Hashioto, Een-Ichi Ishikawa, Andreas 3. Fronfeld, Tetsuia Onogi,
Horikazn ¥ amada

L8 R0 FEMO RS B Sea frLa A e ey

UM EDA , TAFEA SHI

H.~Matsufun, T~ Onogl, T~Tmeda

i Pgrrrsed FRES o erd o8 St el s i i it
Matsuforn , Hideo

H. Matsufur, T. Onogi, T, Umeda

AREETAET R Bapsnd FRECRWS il Ser T T S di] spariTean v
Bovle, Peter

Peter BEovle, Gunmnar Bali

IBe B s Pora B Al 81 S e Pt By Be o & SR aansa T
Sint, Stefan

E. Frezzoti, 3. Bint, P. Weisz

L3a) Dunresed EEed SRS R e (R

frof g aive . A v ST SR SR S e SRR e e e

In a fixed gauge, gauge invariant e
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see the accurate an

Chair 8. C iol Thu, Avg 23, 14:30 - 16:10, hall B .
30 Sharpe, Stopme wom complete reviews b

1450 Sharpe, Stephen
Ftephen Sharpe
LAl BRI B R BT ELT R ERd el ey

1450 Bowman, Patrick &£ =S. Sint and

P.O. Bowman, TT.M. Heller and &G, Williams L 2 — L Le”O Ch
e LS ERA A 0 R LA O A L e O e — . u

15:10 Scimia, Roberto at Lattice 2000

&, Di Caxlo, F. Palumbo, B, Zcimia

Ladpar A8 smi soutine SRS 8 SeURT g o S RS PR R
15:30 Capitani, Stefano

Ste fano Capitand

SR BFR RIS R SO ORI R BRnEuLT
15:50 Bietenholz, Wolfgang

W . Bietenholz , M. Eicker,I. Hip, Th. Lippert, .. Schilling

ST R A R R R iR

ot moed e d. W v ST SE SR S0 S wie SOOI e qede

Total = 18 + 20 presentatio
+ 13 posters | mmp  one tal



A Selection has been unavoidable

Apologizes to the authors of
submitted contributions and the
speakers of talks given in the
parallel sessions which | had to
omit In my review

Many thanks to all my collegues
who have kindly sent material and
iInformation for the preparation of
this talk



Plan of the talk

* A few physics issue@ot on the lattice);

* The UV problemresults on non-perturbative
renormalization (heavy-light not covered see
talk by S. Ryan); perturbativétere and there

* The IR problemnon-leptonic weak decays
and related items;

* Physics issues for the latti¢see also talk by
M. Beneke)here and there

e Conclusions and outlook




Observed
Genuine ECN (st Ul

2.271+0.017 163 N (1-p) By

17.2+ 1.8 104 r -7 +3010%

( RBC AND CP-PACS
to be discussed in the next slidg| )

AM_/ AM, >30 (95%cl) ¥ [(1-p)?+n7™E

see talk by S. Ryan

BR(B= X,Y) 3.11+ 0.3910% 3.50+ 0.50104
BR(K* = 11" W) 1.5 +3.4-1.21010 r 0.8 £0.31010

no lattice QCD needed figures



Physics Results from RBC and CP-PACS

no lattice detalls here, they will be discussed below. See talks by
Mawhinney,Calin,Blum and Soni (RBC) and Noaki (CP-PACS)

RBC

CP
PACS

EXP

Re(A)) Re(A) Re(A) ¢'fe

29+31
10°®

1621
10°°
33.3
10°®

Total

Re(A,) .
Disagrement
1.1+1.2 24+27 :
e with
experiments !
1';{1'5 912 (and other th.

determinations]
1510° 22.2 17.2 +

1.8 Opposite sign

New Physics?



Artistic represer t situgdn

B

3.0 / |

2.5

Donoghue
De Rafael

2.0 o

15 /

1.0 e'l €=0

€/ €~ 13 \ocp/340 MeV)
Im A, x (110 MeV/m,)X

[Be(1-Qp ) -0.4 B; ]

e

05 1.0 15 20 25 3.0 35 B



Chromomagnetic operators & € and €
Hg=C50% + Cy05

e |t contributes also in the Standard Modkdut it is chirally supressed] m,#)

 Beyond the SM can give important contributionsto(Masiero and Murayama)

e Itis potentially dangerous f& (Murayama et. al., D’Ambrosio, Isidori and G.M.)
e It enhances CP violation in K> mtmtt decayqdD’Ambrosio, Isidori and G.M.)

: + . : :
o Its cousmo-y gives important effects in K> me*e

(<2 Q | K®> computed by D. Becirevic et al. , The SPQ 4R Collaboration,
Phys.Lett. B501 (2001) 98)



| CP — | AF=0 4 | AF=14 | AF=2

0 d,<1510°’ecm d, <6.310%°e cm

AF=1 '/ €
AF=2 e and B> JbK,

After the first attempts at the end of the 80s (Aoki, Manohar, Sharpe, Gocksch)
the calculation of the matrix element of theutron electric dipole momenthas been
abandoned. Renormalization of this operator and calculation of disconnected
diagrams with stocastic sources is now a common practice




Important for :
- Strong CP problem — yu +dysd or G¥2G?,

e SUSY extention of the Standard Model

di 'ga di
AF=0 — _; LV Ce.cgCan be computec
L /2 Ce tIJUIJVY5LIJ F perturbatively

-i12 Cc 40,5 L GHva
-1/6 G, f1pe G2, G P, G, € HVAO

abc



Lsm™ 2= Zjjg s o Vi, V*tdj)z C[dy,(1-vs)d]?

L2 enerar= Za Zicas (Vig, Vi )? Cla Q1

general

a = different Lorentz structures®l, L xR etc.
Cl ,=complex coefficients from perturbation theory

(K1Q"V _ 1K) from lattice QCD (Donini et al.
Phys. Lett. B470 (1999) 233; phenomenological analyses Ciuchini et al.;
Ali and London; Ali and Lunghi; Buras et al.; Bartl et al.)

With/Without subtractions presented
at this Conference by Becirevic,
SPQ R Collaboration (als¢ B 1 Q" ,1B))



r~

BNDR (2 GeV) B
World Average by L.Lellouch

at Lattice 2000 0.63+£0.04+0.10 0.86£0.06+0.14
CP-PACSperturbative renorm.  0.575+0.006 0.78#0.008
(quenched) DWF 0.5746(61)(191)

RBC non-perturbative renorm.  0.538£0.008 0.73#0.011

(quenched) DWF

SPQR (preliminary) 0.71+0.13 0.97+0.14
(quenched) Improved
with subtractions

0.70+0.10 0.96+0.14

B=6.2 non-perturbatively improved actio

without subtractions



B, computed by De Rafael and Peris in the chjral
limit 1s very small B, =0.38+ 0.11
Is this due to chiral corrections ?

B, /B, chral=1.10(8) (with subtractions)

1.11(10) (without subtractions)
Becirevic quenched

A large value of B ~0.85 corresponds to a too
large value of K <X] n* ni¥ if SU(3) symmetry
and soft pion theorems at lowest order are used

(J. Donoghue 82) . Even 0.75 is too large.
RBC and CP-PACS seems to find instead the physical
K* &I n* il amplitude What is their value for B/Bkehral ?




(KY | Q>=2 | KO ) with Wilson-Like Fermions without subtractions

of wrong chirality operatorsTwo proposals with the same physical idea
Qyyian —™» Qun Which cannot mix because of CPS

Talk by D. Becirevic at this Conference (D. Becirevic etSPQ. R )
Use CPS and Ward ids, only exploratory results at Latt266®
New numerical results (with NPR on gquark states taking into accout the
Goldstone Boson Pole, see the talk by C. Dawson at Latt2000, see jalso
Pittori and Le Yaouanc)

Talk by C. Pena at this Conference (Guagnelli et ;ﬂgﬂﬁ )
Use tmQCD and Schrdginger Functional Renormalization, only a
proposal at Latt2000 numerical results for the bare operatad

B, (a)= 0.94(2) on V=186<32 and 0.96(2) (at a given value of the
guark masses) on V=3$48
The SF renormalization is underway




. R Vs. X (with subtractions) ] ] t rest & w/o subtractions)
With su btractllons o Without subtractiong =
F 1 T T T T T T T T T T T T T T 1T T T T T
.25

I
[-MOM | |
20 L N ; i
= | A5 —
15 [ _ - .
- ] 10 L |
10 N i i
- i .05 | _
.05 — B |
0.0 L _ 00 L _
| | | | | | | | | | | | |
0.0 .06 12 .18 .24 .30 0.0 .05 .10 .15 .20 .25 .30
Fit Iineaireé/ =a*x+b Fit Iineairei/ =a*x+b
a= 7.2928 E-1 a= 7.0811 E-1
b= 9.3602 E-4 chi2/DOF = 1.9775 E-3 b= -7.8747 E-3 chi2/DOF = 9.8345 E-3
entre xmin = 0.00 entre xmin = 0.00
et xmax= 3.0 E-1 et xmax= 3.0 E-1

Chiral behaviour of KO | Q>=2 | KO) talk by D. Becirevic SPQ.4R

B=6.2 V=24x64 200 configurations




Tm Fermions

Chiral Behaviou
needs further
study
)
&
i)

0.003

0.002

0.001

PRELIMINARY! (std+im)QCD, 18%x4B, 8=8.0

0.1
{E.II]H)E

Chiral behaviour of KO| Q $=2 | K°) talk by Pena ALPHA

Collaboration
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INEW RESULTS FOR B siide 11l g
Sinya Aoki at this Conference presented preliminary results on the

renormalization of bilinear quark operators with the SF method
and Domain Wall Fermiond.he plan is to extend these calculations

to AS=2 operators
A forgotten method: Rossi, Sachrajda, Sharpe, Talevi, Testa and G.M.,

Phys. Lett. B411 (1997) 41 (easy to implement, gauge invariant, no contact terms
see also G.M. NPB(PS) 73 (1999)58. )

2% (TRON O =1/ << 1ungep= C TR (0)] Dyee

1/a << 1/[X| ~ 1 << 1/Aqcp window avoided by iterative

matching of the renormalization scale at different values of (3




The necessary two loop calculations for bilinear operators have been completed

(Del Bello and G.M.). _ _ _ _
The extension two four Fermion operators is straightforward
(T[I(x) J(0)]

)| Xl << YAQcD, perturbative




Renormalization of Four Fermion Operatqrs

Perturbative calculations with overlap fermions by S. Capitani and L. Giusti
hep-lat/0011070 v2 see also S. Capitani and L. Giusti Phys. Rev. D62 (2000)
See talk by Capitani in the parallel session

Renormalization & Improvement

Very nice and complete analysis of improvement constants by Bhattachaiya
Gupta Lee and Sharpe,, b, -Db,, C; etc.at3=6.0,6.2 and 6.4

figure

IMPROVEMENT OF FOUR FERMION OPERATORS ?



Al=1/2 andg'/s

e K XItrr from K Xl and K<X

e Direct K Xl &t & calculatio

Al=1/2 decays (Qand Q)

e'/e electropenguins (and Q)
e'/e strong penguins (L)




Theoretical Novelties

e Chiral Perturbation Theory for <Q, ;,-a V.
Cirigliano and E. Golowich Phys. Lett. B475 (2000) 351 ;
M. Golterman and E. Pallante JHEP 0008 (2000) 023; *
talks by D. Lin and E. Pallante at the parallel session.

 FSI| and extrapolation to the physical point
Truong, E. Pallante and A. Pich (PP) Phys. Rev. Lett. 84
(2000) 2568; see also A. Buras at al. Phys. Lett. B480
(2000) 80 talk by G. Colangelo

e ¢<umlQ ;1K >on finite volumes

L. Lellouch & M. Luscher Commun. Math. Phys . 219 S
(2001) 31 (LL) and D.Lin, G.M., C. Sachrajda and M.

Testa hep-1at/0104006 (LMST)

Only the subjects with ak  will be
discussed




New Numerical Results

<t | Q;| K> forAl=1/2 andeg'/e with domain wall
fermions
*

Vicente
Gimenez

CP-PACS talk by Noaki

RBC talks by Mawhinney,Calin,Blum and poster by Soni

Chiral behaviour of < T 7| Q,| K?>;

First determination of < w7 | Q- g| K> and of their chiral
behaviour; *

Firstsignalfor  <mm|Q;,|K> and <mtm|Qg|K?,

Gladiator The SPQ 4R Collaboration

(Southapmton, Paris, Rome,Valencia)

results presented by D. Lin and M. Papinutto




GENERAL FRAMEWORK

HAS1= G2V Vo | (11) oy 57 (Q-Q5) +
T Zizl,lO(Zi + yl) Qi ]

Wherey, andz, are short distance coefficients, which are known
In perturbation theory at the NLO  (Buras et al. + Ciuchini et al.)
1= 'Vts*vtd/Vus*Vud
1=0,2 —
We have to computéd="<= < (n )5, QI K>

with a non perturbative techniguettice,
QCD sum rules, 1/N expansion etc.)



A2 (W) =< (t )10, 1Q ; (WI K >

=Zy(H &) <(mm)g, 1Q  (A)l K>
Where Q (a) Is the bare lattice operator
And a the lattice spacing.

Two main roads to the calculation:

e K Xl fromK Xl and K<XI 0
e Direct K XI .t calculation

So far or*aalitativ' emi-quantitative) results fg

<(m 7). | Q1,2,6| K>
from Lattice QCD




Main sources of systematic errors from

theUV andIR behaviour of the theory

UV In order to obtain the physical amplitude we need , (1Za).

The construction of finite matrix elements of renormalized operators
from the bare lattice ones is in principle fully solved

C. Bernard et al. Phys. Rev. D32 (1985) 2343.

M. Bochicchio et al. Nucl. Phys. B262 (1985) 331;

L. Maiani et al. Nucl. Phys. B289 (1987) 505;

C. Bernard et al. Nucl. Phys. B (Proc. Suppl.) 4 (1988) 483;
C. Dawson et al. Nucl. Phys. B514 (1998) 313.

S. Capitani and L. Giusti hep-lat/0011070.



Severalhon-perturbative techniquéave been
developed in order to determing @1 a). The
systematic errorean be as small a$% for quark
bilinears and typically (so far)0%for four fermion
operators.
For Q, , ¢ only perturbative calculations (errab-
25%) so far(but see RBC Collaboration, C. Dawson et al.
Nucl.Phys.Proc.Suppl.94:613-616,2001)

More work is needed !!

Discretization errorare usually oO(a), O(m,a) or
O(|pk), but can become dd(a?) with Domain Wall
Fermions or Non-perturbatively improved actions
and operators. Similar problems encountered in

effective theories with a cutoftee V. Cirigliano, J.
Donoghue, E. Golowich JHEP 0010:048,2000 hep-ph/0007196 )



ThelR problem arises from two sources:
* The (unavoidable) continuation of the theory to
Euclidean space-time (Maiani-Testa theorem)

e The use of a finite volume in numerical simulations

An important step towards the solution of the
IR problem has been achieved by L. Lellouch and
M. Ludscher (LL), who derived a relation between
the K <] & matrix elements in a finite
volume and the physical amplitudes

Commun.Math.Phys.219:31-44,2001
presented by L. Lellouch at Latt2000 e-Print Archive:hep-1at/0003023

Here | discuss an alternative derivation based on the behaviour of

correlators of local operator when ¥ oo
D. Lin, G.M., C. Sachrajda and M. Testa hep-lat/0104006 (LMST)



Consider the following Euclidean T-products (correlation functions

G(tte)=<0 | T [I() Q(O) K* (t,)] 10>,
G(t) =<0 | T[I(t) J(0)]]0>, Gk () =<0 | T[K(t) K *(0)]10>,

where J is a scalar operator which excites (annhilates) zero angulgr
momentum 1) states from (to) the vacuum and K is a pseudoscalgr
source which excites a Kaon from the vacuum (t > ,0<10)

G(1) Gy (1)

TT

Tt



At large time distances:

G(tt) - V 2. <0 |3 futnsy, < Tatn [Q0) [K 3, < K [K* [0,
exp[ -(Wht +my| t [) ]

G(t) =VZ, <0 |Jfutny, <tutn|J | 0y exp[ -W, t]

From the study of the time dependenceidt,t ), G(t) and

Gy (t) we extract

 the mass of the Kaomn,

* the twoqtenergiedV,

e the relevant matrix elements the finite volume
<K|K*|0 3, , <0 |Jfutn,, , and<mn |Q(0) |K

We may also match the kaon mass and the two pion

energy, namely to work with my, =W, D

Necessary to obtain a fini®=1/2 matrix element



The fundamental point is that it Is possible to relate the finite-volume
Euclidean matrix element with the absolute value of

the Physical Amplitude | T E |Q(0) |K §
by comparing, at large values of V, the finite volume
correlators to the infinite volume ones

fmEIQO)KY = VF  <mn|Q(O) Ky
F =321 V2 p,(E) Em/K(E) where k(E) = E2/4-n¥?, and
pv(E) = (g@(g) + k 8'(k))/4 TtK? is_the expression which one would

heuristically derive by interpreting, (E) as_the density of states in a
finite volume(D. Lin, G.M., C. Sachrajda and M. Testa)

On the other hand the phase shift can be extracted
from the two-pion energy according to (Luscher):

W = 2V m2 + k2 NTT-8(K) = @)



Main differences between LL and LMST:

 The LL formula is derived at fixed finite volume (n < 8) whereas
the LMST derivation holds for \.» o at fixed energy E;
e [t Is possible to extract the matrix elements even wheFW . this
IS very useful to study the chiral behaviour ok ot |Q(0) |K>
* Inthe near future, in practice, it will only be possible to work
with a few states below the inelastic threshold
G(t,t) =V Z <0 |Jfutny, < mtn |Q(0) |[K 3, < K |K* |0 »,
exp[ -(W,t +my| )]
For the validity of the derivation, inelasticity atV . must be small
(which is realized forutstates  withW .« = my);
elfoneuses G t,t,) =<0 |TI[m(ty) m(t,) Q(0) K* (t,)] |0 >,
no correcting factor is necessary; in this case we get the real part of
the amplitudeR= |<T0TE |Q(0) |K >| coD(E) + O(1/L)



W, is determined from the time dependence of the correlation functions

G(t) =V <K|K*|0>x exp(-m|t|)
2.<0 |Jfutny, <Tutn |Q(0) K3, exp (- W, t )

:Zn An exp('Wnt)

FromW, it is possible to extract the FSI phase
(for a different method to obtai®(E) =0(k) see LMST)

W= 2V m + k2 NTT-8(K) = @)

1) ITIS VERY DIFFICULT TO ISOLATEW_ WHEN n IS LARGE !

2) THIS METHOD HAS BEEN USED FOR THRI=3/2 AND 1/2 TRANSITIONS
DISCUSSED IN THE FOLLOWING and talks by Lin and Papinutto



Example:

-1 M, =a [mg(m_+E)/2+ m_E ]

+4 BZ mn2 (mT[2 ) sz) i B4men (mn2 +mK2)
+ ...

(Ex=Vm+p?)
In generaM,=M,(m, ,m_ ,E)

We can work with W, # m, at several values of the pion masses and
momenta (and at different kaon masses) axidapolate to the physical
point by fitting the amplitude to its chiral expansijancluding the
chiral logarithms. Two extra operators needed with respect to
Pallante and Golterman.

This is underway for Qand the electropenguins.



Summary of the main steps

KXlnn
for < Ko| QAs=2| ko> 1)-5) Al= Al=
1) Extraction of the signal yes yegdNEW )
2) Renormalization non pert
3) Chiral extrapolation to the yes not yet
physical point (possible with
more statistics)
4) Discretization errors not yet not yet
(possible In (possible In

5) Quenching

the near future) the near future

possible in
near future

possible
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Present statistical error of O(10%)
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Future statistical error < 3%

Al = 3/2

THE SIGNAL: Improved action
350 Configurations (3= 6.0 ( al=2 GeV)
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THE CHIRAL BEHAVIOUR FOR«m 1Q 4,1 K »

025 T T T T T T T T T T T T T T T

AR R

0005 - -
phys. limit (includ, D[pq] O,
experimental value
W Mol
& mom=1
|:||:|[:|5 L ] 1 1 1 ] 1 ] 1 ] 1 ] 1 ] 1 ] 1 1 1 ] L
0.0 0.2 0.4 0. 0.e 1.0 1.2 1.4 1.6 1.8 2.0 2.2

MF‘SE ':Gevz:'

for the chiral behaviour of <Q ,» see for example Pallante and Golterman and Lin;
chiral logs and extra operators not yet included; cos O(E) = 1



NEW !I' THE CHIRAL BEHAVIOUR FOR<«t & IH,,, | K> _,
and a comparison with JLQCBnys. Rev. D58 (1998) 054506N0N IMmproved
perturbative renormalization) & experiments

0.020 pf61i E I il

|
Qo0 = — E
phws limit (includ. D[qul O, )
0000 L expaerimental value
' @ AL 2D (PT matching) 3

-r'""llr:::r""llpi:r""lI pg MOM=0 Aex — 00104098 GeV
& M =M =M. mom=1 P

010 L 1 L 1 L 1 L 1 L

0.0 0.z 0.4 0.G 0 1.0

MPSE (Gev”)

Lattice QCD finds B = 0.86 and a value oft © IH,,, | K >,_, compatible with exps



THE CHIRAL BEHAVIOUR FOR<t 7t 1Q ol K >_,

_]H T T T | ]
0.7 b E E E E E 1
1.8 E TEEF I E
15 E ;
1
3.4
13 b
# mom=0
J2 B mom=1
phys. limit (includ. Ofp™) corr.)
31 b
for <Q ;¢ formulae by V. Cirigliano and E. Golowich
|:| N | | 1 N |
0 0.5 1 15 2

RI-MOM renormalization scheme




Results for Q ;3 and comparison with other determinations (MS)

RBC and CPPACS for <Q 8> <Q

comparison !

pfelilllinary
K" §S 0.53+ 0.06 0.0 0.01

(SPQ.R) NEW!

2.2 gdDonogueand ) 3+ (0.3 0.22+ 0.05
E. Golowich

r M. Knecht, S. 35+1.1 0.11+ 0.03

Peris and E. De
Rafael

GeV?® | Doninietal. 9 5+0.1 0.11+ 0.04

(Rome)

D. Becirevicetal. 0.49+ 0.06 0.10(2)(1)

(SPQ.R) NEW!
rom K &z

Pf@llmmary




The subtractions of the power divergencies, necessary to
obtain finite matrix elements, are the major obstacle in
lattice calculations

1) these subtractions are present for both the methods which have been proposed
K<&Xlnzr fromK <Xlr and K<X] 0 Direct K<Xl = = calculation

2) the subtractions are not needed for<nt w 1Q 4751 K> |,

Example Al = 1/2 from K <Xl &t

Qi = [ S yp. (1_y5) du yp (1_y5) ux Syp (1_y5) u u yp (1_y5)d ]
-[c o u] <= this s the subtraction !!




Al = 1/2 andg'/e

The most important contributions
expected to come from penguin dia

gram!

Disconnected emission Disconnected Penguin -
aF az
M
b 1
M,
b ‘?35
= 2 H‘
8 ¢
i B,,~4,5
M,
Be=~ 3 _
DE;(ga, g2, q1; B, M1, M) EP:'['[}E-, g2, O H-. J;-Hr11 .IM‘-',;}

Lattice calculations have shown that it is non possible to explain the octet
enhancement with emission diagrams only; penguins are at the origin of the
Power divergences. They are absentAlr3/2 amplitudes.



Matrix element of <t 7w 1Q°I K > _, without Z(ua) — 9
only penguin contractions with GIM subtractions My = < My

608 01 | . . — — — | prellmﬂlary
5.0g-01 - i 4
_ 4] | 1) Data with 340 confs
40601 | IRERRYRE; | 2) Statistical error 50+70%
- | [ 3) Needed about 5000 confs for
30601 | SEXSRENR | 14 an error of 20 % (quenched)
: 14 [ITIELTT L] ] 4) Actually about 20 confs/day
20801 ¢4 . 1111 (9 months)
' [t [ __ | 6) With further improment of the
toe-ot T ' |1 1 programmes and the 3rd machine
' } | 45/day (4 months)
D.De+DD-|.§{% L1 i
1.08-01 | N “ - 2 iOIl g ourCCS
20801 - ' - ' - ' - we arc 100k111g f()f bettef P
0 ) 16 24 32

For bare opsrn Q| K> _o/ <t IQ I K>_,= 9!l



Matrix element of <t 7w |Qgl K >,_, without Z(ua) _
- - m,=2m,
only penguin contractions K

e -

40e |

20e-M |

No subtraction neededt w Isy;dl K> =

: @ rld, sy, Ysdl K>/(mgtmy)=0
prel?” |

5 .U L1 : : : : : e AtV

% 40e01 |

0.0e+00 ¢

£20e01 |

~4.0g 01
0

sy dl K>

20e01

Splicpt

O.Oe+00rlc....;iE{{§§}E}§EEE§§§§§E{}{{{_

2001 ¢

32

-4 Oe-01
a

1 | |
g 18 24 32

See C. Dawson et dlNucl. Phys. B514 (1998) 313



Impossib%rziq Ra%mgiwiMILgne(\r W)Ir%(}ésd Fermions)

because of (power) subtractions;

With Domain Wall Fermions (DWF) only one subtraction is
required (see below); Also true with Overlap Fermions

Computer much more demanding than Wilson or Improved
Fermions thus only KX &t so far;

A very good control of residual chiral symmetry breaking is

required. The error decreases as exp(- consthiut
remember that we have power divergences;

Problems with the extrapolation to the physical point (Pich
Pallante see also talk by Colangelo) ??



A subtraction is needed:

| QU K> =«<x | QsUPl K>-¢; (m+ my) <« |l sdl K»;
C, obtained from the condition

Ol Q1 K>-¢c (mg-my) <0l sy:d |l K>=0;

c, Is obtained either using non degenerate quarks (RBC) or from
the derivative of the 2-point correlation function (CP-PACS)

C. Bernard et al. Phys. Rev. D32 (1985) 2343.




QCD Penguin 7~ |epae| K7} and 2 s (77 |3da | A7)

Divergent subtraction is almost complete.  Physical slope is

roughly 50 x smaller than the unsubtracted one

04— , -
|
B |
! Etorn
0% - I tiotal
i sub
|
i i @
|
02| I
| =
-
|
|
0.1 | =
|
i i = |
|
|
o] R D S SN S— S —
| | | | | | | _% | % |
-1 ] oo 0.0z (RN 0.0 Q05 006

Tl

RBC Standard Gauge
Data are highly correlated! Field Action3=6.0 DWF



Subtracted QCD Penguin (77| Q.| KT} (important to &)

Does not vanish as i — —m,., because valence quark loop is
sensitive to high energy chiral symmetry breaking effects {mixing

between domain walls). Effect is an additive shift in the quark mass,

which is eliminated by taking the slope. RBC Standard Gauge
as = L slope = (—5.12=0.98) x 10~ | Field Action 3=6.0 DWF

0.006 T T T T T T

0,004
.00

+.l'l.
Linear fit ?’?“ézﬂ ’

2 oo

7

=0,004

=0,006

—0.008 1 | 1 | 1 | 1 | 1 1
] 0.0l 0.o2 0.0z 004 oos 0.0&

m,



06 <niQ,”[K>, 16’32 CP-PACS RG-improved Gaug

| Field Action3=2.6 DWF

2 4 6
—— a,m,, +a,m,, +a,m,,

2 4
- T atamy ta,my

-10

<mQ,”|k>, 24°x3

2 4 6
a,m,, +a,m, +a,m,

2 4
-~ - atamy, +a,m,

2

0.8



Subtracted {& |Qé,§t|ﬁ’ + {important to Re.4)

Explict chiral symmetry breaking effects smaller than for €.

l:'- I:':'S T T I T I T T I T
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e GUOD015
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RBC Standard Gauge
@y = £ % slope = (2.22 1 0.16) Field Action=6.0 DWF

T. B aril B Bty BRL o 20, HK01 -3 - CP Wadation 1n B Crecay rort Lal we 500
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Physics Results from RBC and CP-PACS
talks by Mawhinney,Calin,Blum and Soni (RBC)

Noaki (CP-PACS
Re(h) Re(A) ReA)/ g'fe | Chirality

Re(A,) _
RBC 29+31 1.1+1.2 2427 -4-+-8 ° Subtractlon
10°® 10°® 10¢ l* Low Ren.Scale
CP 1621 1.3=1.5 9+12 2 +=-7
PACS 10° 10°® 10™
EXP 333 1510° 222 17.2: |* New Physics
10 1.8

e A combination ?

K Xl n ® and Staggered Fermions (Poster by W.Lee) will certainly hel
to clarify the situationl am not allowed to quote any number



Golterman and Pallante

Qg Is an(8, 1)operator In the quenched case it may mix with
an(8,8) operator, as it can be explicit checked in one loop
guenched chiral perturbation theory

his correction Is potentially more important
for Qgsince q 1Q I K>~ m?

e EECRIENW <7t | (8,8)] K > ~ 1 thus, the one
g g contractions in
Eye/Ann Diagrams to get

loop correction

rid of the unphysical < | AQ (8’8)6 | K>~ m?
(8,8) contributions

THE COMPARISON GIVES US AN INDICATION OF THE SYST. ERROR
Figure




J. DONOGHUE AT KAON 2001

study KXl = | v, namely
<t S=0, 1=0 | uy, (1-ys)s |K>

Simple case for Maiani-Testa theorem
Renormalization trivial (no mixing no power div.)
Chiral expansion known at 2 loops



MANY PROGRESSES

1) The possibility of computing thehysical K<X1 1 amplitudehas been
demonstrated by LL (see also LMST);

2) For the first time there Ia signal for K&1 n . penguin-like contractions @, , .
More work is needed to reduce the uncertainties (statistical and systematic);

3) The new results with Domain Wall Fermions for®&] = amplitudes are really
puzzling

4) The chiral extrapolation to the physical point (quenched, unquenched, infinite and
finite volumes) is critical,

4) The extension of LL/LMST tmon-leptonic B-decayge.g. B<XI K =), for which
the two light mesons are above the inelastic threshold, remains an open problem

worth being investigated. ‘



David and Golia by Caravaggio

... follow Martin Llscher suggestion, small
and smart Is often better than big and ....



