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(“2 Ex p¢
* Reminiscences: Lattice & the UT = “SUT” for Standard UT

* Recent STRIDES on the lattice [almost exclusively by our
RBC-UKQCD Collab] in tackling long-standing non-
perturbative challenges in K-decays

* In concert with expts path towards [primarily] a K-UT
* summary

RBC means
RIKEN-BNL-Research Center

BNL
Columbia

EWM 2017; Soni HET 2




In the “beginning” “Dawn “ of A B AS henoh /0103107
the asymmetric B-Fac era N twoo , hepph/
ase—

- T "] KEDUNDANT
0.8 /5 I'Y\EQSUKEMENTS

5 TRuein
' ' J00SE

B-CP Feb’01 Ise, Japan

15t Hint of
confirmation of CKM

ETA—bar
Q
[N

I

CP description

New physics will be a perturbation, important

Most bands due to use clean theory and lots of statistics
To theory errors

CIRLE ~ 2000 cvwrone :




Lunghi+AS,arXiv.0707.0212

cKm
WEKS 15 [0

Figure 1: Unitarity triangle fit in the SM. The constraints from |Vig/Vag|, <k, AMg, /AMp,
are ncluded in the fit; the region allowed by ay is supenmposed.

c ALSo
UTFITS 0/

a4 5 0 051
i}



Power of the lattice: Only method to systematically reduce the NP error!

— Historical example: By

— —T — —
2015 - 0.737+0.02 o Average LLV 2011 (Np=2+1) |
i 0.74+0.025 - A\'emge LS "010 (NF=2+1) ]
I 0.724£0.045 —.—t SBW 2010 (Ng=2+1) )
| 0.749+0.026 - RBC- UI\QCIS 2010 (Np=2+1)]
2010 0.724+0.084 —— ALV 2009 (Np=2+1) _
aner 0.73+0.03 - ETMC 2009 (Np=2) i
i 0.7380.055 —.— JLQCD 2008 (Np= ]
| 0.782+0.07 —e— CP-PACS 2008 (N} F=0) }
I 0.72+0.039 et RBC-UKQCD ’007 (Np=2+1) ]
2005 |- 0.83+0.18 r———e———  HPQCD 2006 (Ng=2+1) _
I 0.699+0.025 ro4 RBC 2004 (Ng=2 =
3 0.87+0.061 . Becirevic 2003 (Ng=0 -
: 0.7320.015 . RBC 2001 (Ng=0, Q?)
2000 |- 0.789+0.027 re- CP-PACS 2001 (Ng=0.Q?) _
3 i )
- i 0.863+0.058 . JLQCD 1997 (Ng=0) g
I 0.86+0.07 —e—i Blum-Som 1997 (Ng=0 —
1995 - =
1990 - 0.86+0.12 ——e——  Bemard — Soni 1990 (Nr=0) ]
i 0.96+0.05 —e—  Kilcup et al 1990 (Ng=2 il
+ 0.75£0.15 Bardeen at el. 1987 (1/N, .
I lBemard et 11 1985 .\F—Ol .
1985 :I: \.JUI:}W i sll AJ(JJ L YF—U
3 Gavela et al. 1985 (Ng=0) -
3 03 Donoghue et al. 1983 (SU(3 R
b & PCAC), No error estimate 4
1980 I i 1 1 L i i 1 1 1 i A i 1 L i
0.0 05 1.0 1.5
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=>Mlilestone: For the 15t time
confirmation of the SM-CKM-
paradigm of CPV
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Critical Role of the B
factories in the
verification of the KM
hypothesis was recogni
and cited by the Nobel
Foundation

zed

A single irreducible
phase in the weak
interaction matrix
accounts for most of
the CPV observed in
kaons and B’s.

S

CP violating effects in
the B sector are O(1)
rather than O(103) as in
the kaon system.

<
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Results from Global Fits to Data (CKMFitter Group)

Great progress on @, or y (first
from B factories and now in the
last two years from LHCb (several
new results at ICHEP2014). These

measure the phase of VQ

1-5 [ L I T LI * T T T Iqﬂl T I |
excuded area has CL> 095 . :‘
0 ; %
C | o %
Ly 3 2 Amy& Amg
“sin29, |
05 |- .
- Amy
- g
0.0 =-rr=-=~- . —
r 9, _
-05 - -
10 £
5 ¢ : solw’emz"<0 4
F o Waner 14 3 {exel al CL> 0.95) |
1‘5 L I i 11 l L1 1 1 l | 1 i 191 1
10  -05 0.0 0.5 1.0 15
p
Looks good

ICHEP2014: Similar results
from UTFIT (D. Derkach) as
well from G. Eigen et al.

exciuded area has CL > 0.85

NP
Phase \

0.1

NP/SM amplitude ratio

But a 10-20% NP amplitude in B,
mixing is perfectly compatible

(except for an issue with |V 4.|l) 0. soith all current data.




A lesson from history (1)

"A special search at Dubna was carried out by E. Okonov and his
group. They did not find a single K, = ©* T~ event among
600 decays into charged particles [12] (Anikira et al., JETP 1962). At
that stage the search was terminated by the administration of the
Lab. The group was unlucky."

-Lev Okun, "The Vacuum as Seen from Moscow"

1964: BF=2 x 1073 Cponm) 7
A failure of imagination ? Lack of patience ? Cb/ﬂ/w K [’ P(

EWM 2017; Soni HET @ N
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=> Precision! Precision! Precision!
Need of the day essential for
uncovering new phenomena

=> Also, since we are searching for
small effects, using different probes
may be more revealing



*In B’s, in conjunction with experiments, Lattice WME
helped in attaining a milestone in our understanding
of CP

* Analogously can lattice sharpen tests now via K’s?

*Since m, is ~10 times lighter, the non-perturbative
effects are much more difficult and quantitatively a
lot bigger, can the lattice meet this long-standing
challenge and render K-tests become precise?



A dream for some. Blucher, Win‘stein and

Yamanaka ‘09 & many others

U penedy §ym\r\ K Ne S

_ TR e
NVX\\@ é\ Kt > atup
't“ K; —|\m/vy

“0\\6\'\3 . 01

1 p

Fig. 14. Unitarity triangle.

 FisToviong et og&(a@?
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Promising developments on the lattice esp in €' /e and in other
K-decays......... RBC-UKQCD

« Can the successful lattice treatment €’/ replace KL=>pi0 nu nu?

* Personal perspective: lattice calculation of €’/€ an obsession for over 1/3
of a century! & in fact reason for going into LGT ~’83

e O(10 grads!): Terry Draper (UCLA?, George HockneyiUCLA), Cristian
Calin (Columbia=CU), Jack Laiho(Princeton), Sam Li(CU), Matthew
LightmanSCU), Elaine Goode(Southampton), Qi Liu(CU), Daigian
Zhang(CU) +

 obstacles & challenges (and mistakes!) ad infinitum.....

 Started with CWB (Wilson); for this physics Chiral symm on the lattice is a
pre-requisite Loff-s oot B-physics] => on to DWF (with Tom B)=> RBC with
ChPT + quenched => huge quench pathlogies=full QCD is mandatory for
this physics; full QCD + ChPT=> large chiral corrections => RBC-UKQCD
ﬁlirect K=>2 it a la Lellouch- Luscher @ threshold=> @physical

inematics......

/__\/




WHY FOCUS with SUCH intense DETERMINATION

Underlying Realization

g’: a possible gem in search of new
phenomena



Its presumed importance:

* lies in its very small size => Perhaps new phenomena has a better

chance of showing up....smallness due in part to large [DOUBLE!!] cancellations
among seemingly diff sectors seen from the perspective of the SM

* Exceedingly important monitor of flavor —alignment....new CP phase(s)
« Simple naturalness arguments strongly suggest eps’ very sensitive to
BSM — CP odd phases

* In many ways eps’ is rather analogous to nedm....... both being very sensitive to
BSM phases [however, experimental non-vanishing measurement of nedm
would necessarily mean discovery of BSM-CP-odd phases...lattice or theory not
needed.....This is in complete contrast to eps’]

* Understanding eps’ (and nedm) is extremely important for learning how
naturalness really works in nature

EWM 2017; Soni HET 15



A monumental experimental
achievement! /(WVWA

60 — = :
X107 3 K'Q""'II‘KMCL“E \/ Z
50 - Woods E ;
Al {0 Wﬂcﬂcc
40 _ Burkhardt -
: NA31 kTeV 5
o Lo 1999 E
— kTeV ] N
CS D e B | L6y KD
Wy 20 . 2001 % -
B/ . —- s E NA§48 avcra;ej @G 90/ L’:
0 —
: o 3
-10 — Patterson B
“ 0 nK S {’& -20 - a —

1988 1990 1993 1999 2001 2002 2003
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Results for &' ﬁw ((_/9 {r/'

- Using Re(A ) and Re(A ) from experiment and Our lattice values for c

Im(A)) and Im(A) and the phase shifts, /._f-—'?

y 7 52—5
Re e\ _ Re J € 27%) TImA;  ImA, LARGE CANCELLATION!!
5 V2e ReAs  ReAjg

RBC-UKQCD PRL'15 _ ~ .
EDITOR’S CHOICE 1.38(5.15)(4.43) x 10~ %,  (thiswork)

16.6(2.3) x 1074 (experiment)

Bearing in mind the largish errors in this first calculation, we interpret that our
result are consistent with experiment at ~20 level

Computed ReA2 excellent agreement with expt
Computed ReAO good agreement with expt
Offered an “explanation” of the Delta I1=1/2
enhancement

Q_Q/ “O EWM 2017; Soni HET 17




RBC-UKQCD progress&m tacklmg LD (non-local) contributions
GZ IQ ] ﬁK"’a ' Lf\ LV )\mLLP’}O'5
i =

B e I ( § (IC)(V I* ) I SO( )V V V Vde also provides a new horizontal band constraint on CKM

12\/§T2A i(p ’ C( maglx ,’ 0 [Lehner et al

- ‘ 1 H w_ new constraint from our work! arXiv:1508.01801
s ' 4 |
a

EWM 2017; Soni HET 18



£

LD/non-local effects

.
&\J/-L‘s > M YO O+ -
oy Ko T . )
Exfoll Amr N 4oy ; E S [y kAT
ML noce sstn hove batan oy 5* SV L
Q\“)C-\L\QQCD &\rm)( N’i\\y,»«s VMB ﬁ
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Methodology [2"? order weak processes...]

B
Tip=— —1 f d¥x(K°|T [H|(Z5C|)=1 (X)H|(2§|)=1 (O] IRO)’/ZQQ-)LD“) o) |

AmE —2 3 P Z (K°|Hw |n)(n|Hy |K°)
s myg — Ep

l go\'('ko-’w;“"\

tp tp
1
A=§(I<O(tf)/dt2fdtlHW(t2)HW(t1)I<o(ti)>-

n#no

e~ Ly —ti)mg

t-—.

= — tp —t
A Z myg — Ep b ¢ -

tn £
(I?O”‘IW In)(n|Hw |KO) |: \‘y e—(En—mK)(tb_ta) —1
n+ng 4 mg — En
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More on K- decays->rare K’s
. KL =>T0 vV Eold pIated i.e Theory super- clean A amt"2Xn 1

MTTENBERG PRD ¢4 f, & ——md AT
Ndﬂaﬁ —) l\)ﬂW I u) L %-</

* Observe: The above expt is exceedingl

challenging (esp for precision) and expensive.

* Bearing in mind positive developments on the lattice for tackling eps’ and
also bearing in mind the humungous challenge for precise experimental
measuement of KL=>pi0 nu nu, it may be time now for kaon
experimentalists to seriously think of improving precision on eps’ from the

current 0(15%

KT 22 KIT mm. Ty Amanach o Fd

EWM 2017; Soni HET 21
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SKeXch O%M\ LM, K*\l/'

BRIES —parul) = {(17 3+1g,g 10-11  E949 ﬁb,\/(/

Re(s’) (16.7416) x 10?
Ne) e (1364520 £ 449,) X 1074

A
N\DC -\C\W\(&C\ !\S

43)

-1.0 -0.5 0.0 0.5 1.0
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In the “beginning”

Case—Al

~
—
11

B-CP Feb’01 Ise, Japan

S
|

0.8
15t Hint of 5

0.6 ;
confirmation of CKM '

ETA—bar

CP description

04

o.2f

o I I l. .
0.0 1 1 Il 1 || ) |1 L] |
-1.0 -0.5 0.0 0.5 1.0
RHO—-bar

New physics will be a perturbation, important

Most bands due to use clean theory and lots of statistics
To theory errors
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I Improvements {41 lattice eps’ determination
underway for past ~2 years
yrorp Y [va‘musntmlt Uty 18 u«b})

e Statistics X [ > ~ 4] now aiming for

» Systematics.....some already done.. )
* EM+ isospin... f'\—s‘\’ Q% ¥ 9/ Jt')L A
 Completely diff method(s) Cr~ jﬂ"”‘v V( 2 oIS é
. A) excitedpipi state T0 3*\4\30»& o, 0‘ 6"”1.'5

| =5 pwer 7216

* B) Revisit ChPT

> pDSPW 94 LAW*’M >4

v LoXPT
Roc W(Dﬂgn mQ‘




7

SUPERCOMPUTERS OVER 3

CONTINENTS!

Pfogress in the calculation of € on the lattice

b

Resource Million BG/Q equiv core-hours  Independent cfgs.
USQCD (BNL 512 BG/Q nodes) 50 220

RBRC/BNL (BNL 512 BG/Q nodes) 17 50

UKQCD (DiRAC 512 BG/Q nodes) ¥ 50

NCSA (Blue Waters) 108 380

KEK (KEKSC 512 BG/Q nodes) 74 296 7

Total

266 996 1
Table 1: A breakdown of the various resources we 1ntend o utilize. Note t e require 4 molgc-

ular dynamics time units per independent confi

b0 M

a5

w«-loi s

7\) \ 195 mew mw.)w\emwk‘
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P
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TABLE II. Representative, fractional systematic errors for the
individual operator contributions to Re(A,) and Im(A).

2~w\ LKU/\D

Total (added in quadrature)

[
‘{ r‘ %MO‘VJ Description Error Description Error
No Finite lattice spacing 12% Finite volume 7%
'{1 ‘t\ m‘ é Wilson coefficients 12% Excited states <5% ? '
“\e‘ Parametric errors 5% Operator renormalization 15% /'-9 \
e LP" "L Unphysical kinematics < 3% Lellouch-Liischer factor  11%

[M:. \‘gb(;’*\D

EWM 2017; Soni
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Expectations for improved
determination of ImAQO in ~5

years......delta[ImAOQ} p,y)f N
~10%(st); 15%(sy)=> 18% (total) = (+**

\V \
94;% o' s \la‘l? ,




Prospects for improved determination of
B(K+=>pi+v v)

(8.64+0.60) x 10~ 11 sSM aamiNoV
+ +5) — RAr
BRRT > ””)_{(17.3t}5;§)x10—“ E949 Per‘}[gﬂ[)
PRL 6%

* NA62 @CERN NOW in progress....Final results expected\< ~ 2 years

Qﬁk»uf(,\) 100 el mR = 8(7/]

Tenltr v”““’%"‘”
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Summary & Outlook

In the past ~2 decades, B expts + lattice => SM-CKM paradigm of CP violation works to about
an accuracy of ~ 15% through the SUT.

In the past few years, RBC-UKQCD collab has made significant progress in lattice methods
enabling us to successfully tackle outstanding problems of €’/€, LD non-local contributions to
AmK, €K, K+ >mt+vy, ....

In conjunction with existing exrt info and with anticipated improvements in key Kaon
experiments, a unitarity triangle based primarily on K-decays will become available in a few
years.

Note also, the significant progress that has been made and is anticipated in lattice calculation
of epsilon’ in the next few years suggests that the experimental community should re-examine
the determination of epsilon’ to better than the current accuracy of ~15%...Though admittedly
very difficult, it may well be less so than precision measurement of KL=>pi0 nu nu.

Upcoming BELLE-II (with 40-50 X more luminosity) and (of course) LHCb and upgrades ought
to significantly improve precision due vast amount of relevant data

* All these efforts should lead to more stringent tests of the

SM and much better clues to onset of new phenomena

EWM 2017; Soni HET 31
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UKQCD Collaboration

° Ed|nburgh ® Southampton
* Peter Boyle e Jonathan Flynn
* Luigi Del Debbio * Tadeusz Janowski
* Julien Frison * Andreas Juttner
* Jamie Hudspith * Andrew Lawson
* Richard Kenway * Edwin Lizarazo

’ Av.a Khamseh * Antonin Portelli
* Brian Pendleton

o e Chris Sachrajda
e Karthee Sivalingam .
« Oliver Witzel * Francesco Sanfilippo

* Azusa Yamaguchi * Matthew Spraggs

» Tobias T
e Plymouth obias Tsang

— Nicolas Garron e CERN m }\C tﬁ'ﬂ

— Marina Marinkovic
e York (Toronto)

— Renwick Hudspith
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RBC Collaboration

e BNL * Columbia
— Chulwoo Jung * Ziyuan Bai
— Taku lzubuchi (RBRC) * XuFeng
— Christoph Lehner * Norman Christ
— Meifeng Lin * LuchanglJin
— Amarjit Soni * Robert Mawhinney
* Greg McGlynn
* RBRC . Da\./i<.j Murphy
« Chris Kelly * Daigian Zhang
* Tomomi Ishikawa _
* Taichi Kawanai e Connecticut
* Shigemi Ohta (KEK) — Tom Blum
* Sergey Syritsyn
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2 7 "

i Re(Ap)(GeV) Im(Ap)(GeV) W &
1 1.02(0.20)(0.07) < 10~ " 0
2 3.63(0.91)(0.28) x 107 0
3 —1.19(1.58)(1.12) < 10~ '° 1.54(2.04)(1.45) < 1012 jt CoNA
9 4 —1.86(0.63)(0.33) < 107 1.82(0.62)(0.32) < 10— !
5 —8.72(2.17)(1.80) < 10~ ' 1.57(0.39)(0.32) < 10 '2 (‘)‘sz t
L [ ) ‘é‘e 3.33(0.85)(0.22) < 107 —3.57(0.91)(0.24) < 10~ ! — Masw.
7 2.40(0.41)(0.00) < 10! 8.55(1.45)(0.00) < 101
8 —1.33(0.04)(0.00) < 10— 1'° —1.71(0.05)(0.00) < 102
9 —7.12(1.90)(0.46) %< 10~ '? —2.43(0.65)(0.16) x 10~ '?
10  7.57(2.72)(0.71) x 10 '# —4.74(1.70)(0.44) < 10~ '3
ot 4.66(0.96)(0.27) x< 10~ 7 —1.90(1.19)(0.32) x< 10~ 7

TABLE 1. Contributions to Ag from the ten continuum, MS
operators Q;(u). for p = 1.53 GeV. Two statistical errors are
shown: one from the lattice matrix element (left) and one
from the lattice to MS conversion (right).

Quest for eps'; CERN 10/28/15; A. Soni 36



- PHYSICAL REVIEW D VOLUME 32, NUMBER 9 1 NOVEMBER 1985

Application of chiral perturbation theory to K — 27 decays

Claude Bernard, Terrence Draper,” and A. Soni
Department of Physics, University of California, Los Angeles, California 90024

H. David Politzer and Mark B. Wise
Department of Physics, California Institute of Technology, Pasadena, California 91125
(Received 3 December 1984)

Chiral perturbation theory is applied to the decay K —27. It is shown that, to quadratic order in
meson masses, the amplitude for K—27 can be written in terms of the unphysical amplitudes
K —a and K—0, where 0O is the vacuum. One may then hope to calculate these two simpler ampli-
tudes with lattice Monte Carlo techniques, and thereby gain understanding of the Al =—;— rule in K
decay. The reason for the presence of the K—0 amplitude is explained: it serves to cancel off
unwanted renormalization contributions to K-—m7. We make a rough test of the practicability of
these ideas in Monte Carlo studies. We also describe a method for evaluating meson decay constants
which does not require a determination of the quark masses.
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I.  Wilson Fermions with Lattice x S is a pre-requisite for
Bernard ~’82 this physics

See also Martinelli et al [WF] | Off-shoot B-physics important

Hlge  o§
URSTACLES 7
5 beolncome

observables identified & studied=>
evolved into UT

Broweret al
Sharpe et al [Stag F]

Il (a) DWF with Blum ~’95 LOXPT; Quenched approx.[QA]
ll(b) DWF with RBC[with Same
Blum, Christ and Mawhinney QA is disastrous for this physics

CRAY @ NERSC

became “flagship” project of  [Golterman-Pallante] pathologies; QCDSP ~1TF
RBC] ~'97. NPR of full AS=1 accomplished for
the 15t time used since then.
I1l. DWF with full QCD Used LOXPT + full QCD QCDSP ~ 1TF
RBC, ~ ‘02 Large chiral corrections
IV. DWF with full QCD Direct K=>mm, [Lellouch-Luscher QCDOC~ 10 TF ~J 9‘006

RBC + UKQCD, ~ ‘06

V. DWF with full QCD,
RBC + UKQCD ~ ‘11

Vi. Same ~now

method] @ threshold

BG/Q ~ 100TF@BNL;
RBRC;ANL; Edinburgh

Direct K=>mm, [Lellouch-Luscher
method] ; physical kinematics

Same new hardware

~1.5PF;NERSC;ANL; UK
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Ki=>mlee

* Much more readily (seems) can do essentially the same physics as KL=>mtvv
* Very rich; e.g can study energy asymm....

* Long-standing challenge for theory: Reliably quantify CP-conserving
contamination = 7

. N 4 e g _» +
T \ o
* Challenge for expt: huge background from ee gamma gamma [H. 6\¢L~\ L

Br [K, => n® e e]dir- CP ~ 6X102 ; CPC ~ 2X10%2 PRD /g 0
Br [KL =>y vy ee] ~ 5.95X107 !! PDG Imposes sevelggdemands

on energy resolution h3p / ﬁ)

EWM 2017; Soni HET 40



A possible difficulty: strong phases

* The continuum and our lattice determinations of strong phase
difference differs at the ~2c level: mc

pgal <'(42.3i1.5)° DG [ dee58s
(.'.):’: o Rl |1 -_—=
T (564 58)° f@m'gl “expt
S+0.S ‘ _
100 REC-UKQ ()

Fortunately, due to the central value of the combination
02 — 0g + /2 — - and to the large uncertainties in the
determination of the various matrix (l(m(nts these two
choices vield almost identical results; fe

Lc:\\awv. \,\y.mq\vwl-ﬁ% '50% 0‘%0‘
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Isoscalar 7rzr Scattering and the o ZMieson Resomnmnance from QOQOCI>»
Raul A, Briceno.'" Jozef J. IDudek.'Z7 Robert G. Edwards.'" % and IDavid J. Wilson %

(for the Fladron Spectrum Collaboration)

180

150k T | | My = 391 MeV

120} %H

|
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® K
] A&FC Q (!E.

expt.
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p2 / GeV?
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More demands on the calculation

* ~ The 1995 discovery of the huge top mass has
accentuated the cancellation of 1=0 and 1=2
contributions to eps’ significantly, putting additional
demands on the calculation but also enhancing the
potential for discovery of new physics

Rl



Regarding ReAQ

e Lattice calculation [over and over again over the past ~16 years]
show that at a scale greater than about 1.5 GeV, contribution of
penguin operators, to Re A0 is completely
negligible....<O(~1%)...only tree operators matter

Re A0~ c1 Ql +c2 Q2 to an excellent approximation W

v
Ql: Q UN

‘o 2\CINoL WOk Wit U AT
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Useful op identity and its (ab)uses
+Q4=0Q3+Q2-Ql

 Current lattice cal show rather largish central value for [- Q1/Q2] with
rather errors compared to expectation from large N

* Also Q3/Q4 is small but with largish errors



Dissecting 3/2 Amp on the lattice

To (V)

@ -
2.5 ey
< 2 ”Jfﬁiim or6= 1 DRAMATIC ,
Simplest basic step is [N B3 1 .
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Mass depends of ReA2, A0

0™ [GeV] my [MeV] mg [MeV] Redy [10°* GeV] Redg [10° GeV] g:—ig notes aoly
16° Iwasaki | 173(3)  422(7) 818(15)  4911(31) 45(10)  9.1(2.1) | threshold calculation
4 Twasaki| 173(3)  320(6) 662(11)  2.668(14) 32.1(4.6)  12.0(1.7)| threshold calculation
IDSDR | 136(1) 1429(L1) 511.3(3.9) 1.38(5)(26) - - | physical kinematics

Experiment| - 135-140 404408 14700 320 24500

TABLE I: Summary of simulation parameters and results obtained on three DWF ensembles.

Due to the cancellation, 3/2 amplitude decreases

significantly as the
pion mass is lowered towards its physical value
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Compare 4, and 4,/22.5
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Proof of the pudding: underlying method is
systematically improvable

e BK in full QCD with DWF ’07 error O(7%)

e ~2012 many discretizations, WA error O(1-2%)
e KI3, A2, fB’s , BB’s........

* M(’s....

* No doubt that A0, A2 for eps’ will not go that way for quite
sometime to come......... to ~10% total
After that EM& isospin effects need to be ascertained quantitatively.



Ome. mesnsune

Cle e bt I

1.32GeV 24 1.33GeV32ID 153GeV32ID 2.29GeV 241 2.20GeV 2.29 GeV
stepscaled, no G;  stepscaled inc. G
(1,1) 0.06076(15) 0.063454(63) 0.05978(13) 0.036954(41) 0.03948(16) 0.03948(16)

(Z2) 0.203(19) 0.204(15) 0.300(68) 0.0795(70) 0.080(33) 0.092(35) /
_3(2,3) 0.310(21) 0.317(16) 0.363(76) 0.1486(59) 0.153(36) 0.161(42) k
(2.4) 0.0120(48) 0.0076(42) 0.030(22) 0.0033(23) 0.0083(89) 0.0086(93)

(2,5) 0.0120(42) 0.0005(31) 0.015(20) 0.0039(15) 0.0074(53) 0.0081(77)

\-——>(3,2) 0.283(22) 0.268(15) 0.264(87) 0.1547(42) 0.143(23) 0.174(26) /z'
“—/ﬁ-ﬂ—-b 0.391(25) 0.414(17) 0.44(11) 0.2207(39) 0.238(25) 0.297(32) e

(3.4) 0.0012(59) 0.0002(34) 0.019(27) 0.0077(13) 0.0057(59) 0.0017(66)

(3,5) 0.0128(62) 0.0264(43) 0.008(27) 0.0190(11) 0.0247(46) 0.0090(68)

4.2) 0.118(70) 0.094(53) 0.24(25) 0.037(24) 0.07(10) 0.06(11)

(4,3) 0.113(76) 0.073(62) 0.26(30) 0.026(20) 0.08(11) 0.09(13)

4.4) 0.006(20) 0.006(16) 0.076(88) 0.0318(80) 0.024(30) 0.023(31)

4.5) 0.023(18) 0.019(12) 0.046(79) 0.0014(50) 0.033(19) 0.027(26)

(5,2) 0.239(28) 0.205(28) 0.19(17) 0.0957(84) 0.048(63) 0.033(74)

(5,3) 0.404(34) 0.347(37) 0.25(20) 0.1885(90) 0.101(77) 0.075(99)

(5.4) 0.0106(80) 0.0174(98) 0.039(62) 0.0028(26) 0.044(20) 0.031(23)

(5,5) 0.0810(100) 0.0740(93) 0.016(56) 0.0303(23) 0.012(15) 0.062(21)

(6,6) 0.00461(21) 0.005040(92) 0.006154(96) 0.001631(63) 0.00185(24) 0.00185(24)

(6,7) | 0.002132(46) 0.003396(25) 0.002073(59) 0.001567(12) 0.002002(43) 0.002002(43)

(7,6) 0.02221(12) 0.024916(60) 0.024131(91) 0.018826(21) 0.02260(20) 0.02260(20)

(7,7) | 0.127052(87) 0.133903(52) 0.12284(25) 0.080743(12) 0.08705(11) 0.08705(11)

Table 2: Preliminary values of = obtained using the renormalization matrices obtained at various
scales on the 32ID and 241 lattices, as well as using the step-scaled matrices with and without G.
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MOTHER of all (lattice) calculations to date:
A Personal Perspective

* Calculation K=> pi pi & eps’ were the reasons | went into
lattice over 1/3 of a century ago!

* 9 + PhD thesis: Terry Draper (UCLA), George
Hockney(UCLA), Cristian Calin (Columbia=CU), Jack
Laiho(Princeton), Sam Li(CU), Matthew Lightman(CU),
Elaine Goode(Southampton), Qi Liu(CU), Daigian Zhang(CU)
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