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Outline 1

* Unforgetable Memories!

- Exciting history ... A" PDW(;‘L

 Bagged 2 Nobels for BNL! “
. Mag/ics of —QM-mixings-K0

* A very important consequence of the QM mixing:
 Delta Mk constraints =>stirs up flavor and CP puzzles of BSMs

e Another important consequence of Amk => K-mixing, BSM vs SM

* Lattice BK=5/E})siIon_K => precision constraints on the modern day
UT fit
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outline i

e Basics of Direct CP in K=>nmti.e. &’
._/\ .
 Early attempt(s), hurdles & resolution
* |. Breakthrough: Domain wall & chiral symmetric formulation
* ll. Another key development: Lellouch-Luscher method
* 15t completion ~2015 & indication of difficulty —
* Improved stats & systematic=> new result
* some implications

e Summary + Outlook



expt theory
m VS AM
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o AmKexet /—extremely precise 7 [3 L)y’—\'\’ ¢ 0067) X1/
W; Bte banl rag K10 v

. AmKthe{Iry O(50%) grrors....... LD, non-local, 4-q OP as OPE is NOT valid
...intermedia states make significant contribution.

* Historically, therefore, the very well measured experimental # cannot be
used as a precision tool for constraining SM or BSM

* RBC-UKQCD past ~5 years with new lattice methodology is working to
change this situation...CU PhD students 1. JiangLei Yu 2.Ziyuan Bai, 3.
Bigeng Wang [NOW] ....8(AmKtheoy ) ~0(20%)......checks underway NOW
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AmK : a powerful constramt on BSI\/I
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MR >~20 MW

* An interesting tale of 4 factor of a few all going in one
direction to render MR larger than MW.

* Starting point is the simple observation that LXR is NOT Fierz
invariant unlike SM LXL

* Indeed, LXL =-2 [S+P]X[S-P] whereas for SM, LXL = LXL

* Thus M_LR => Const as mg=>0 whereas M_LL i.e. SM =>0 as
m_g => 0 with naive factorization MLR ~ (O5) X SM

* Soon one realizes there are another 3 factors of O(2) all
causing enhancement including NLO QCD.

* Very soon these factors pile up to 0(20)



Outstanding Th.puzzles of our times
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The Randall-Sundrum (RS) idea

Island Universes in Warped Space-Time
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Fifth dimension
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PHYSICAL REVIEW D 71, 016002 (2005)

Flavor structure of warped extra dimension models

Kaustubh Agashe®
Department of Physics and Astronomy, Johns Hopkins University, Baltimore, Maryland 21218-2686, USA

Gilad Perez’
Theoretical Physics Group, Lawrence Berkelev National Laboratory, Berkelev, California 94720, USA

Amarjit Soni*

High Energy Theory Group, Brookhaven National Laboratory, Upton, New York 11973, USA
(Received 14 September 2004; published 6 January 2005)

We recently showed that warped extra-dimensional models with bulk custodial symmetry and few
TeV Kaluza-Klein (KK) masses lead to striking signals at B factories. In this paper. using a spurion
analysis, we systematically study the flavor structure of models that belong to the above class. In
particular we find that the profiles of the zero modes, which are similar in all these models, essentially
control the underlying flavor structure. This implies that our results are robust and model independent in
this class of models. We discuss in detail the origin of the signals in B physics. We also briefly study other
new physics signatures that arise in rare K decays (K — 7vv), in rare top decays [t — cy(Z, gluon)],
and the possibility of CP asymmetries in D° decays to CP eigenstates such as K¢7” and others. Finally

-—-? we demonstrate that with light KK masses. ~3 TeV. the above class of models with anarchic 5D
Yukawas has a **CP problem” since contributions to the neutron electric dipole moment are roughly 20
times larger than the current experimental bound. Using AdS/CFT correspondence. these extra-
dimensional models are dual to a purely 4D strongly coupled conformal Higgs sector thus enhancing
their appeal.

DOI: 10.1103/PhysRevD.71.016002 CS numbers: 11.
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The little Randall-Sundrum model at the large hadron collider

Hooman Davoudias**, Gilad Perez®, Amariit Soni®

# Department of Physics, Brookhaven Netiondl Laboratory, Upton, NY 11973, USA

b CN. Yeng Institute for Theoretical Physics, Stcte University of New York, Stony Brook, NY 11794-3840, USA

ARTICLE INFO ABSTRACT

Article history: We present a predictive warped model of flavor that is cut off at an ultraviolet scale O(10%) TeV. This

Received 3 April 2008 “Little Randall-Sundrum (LRS)" model is a volume-truncation, by a factor y 26, of the RS scenario and is

Accepted 13 May 2008 holographically dual to dynamics with number of colors larger by y. The LRS couplings between Kaluza-

Available online 16 May 2008

s Klein states and the Standard Model fields, including the proton constituents, are explicitly calculable
Editor: B. Grinstein

without ad hoc assumptions, Assuming separate gauge and flavor dynamics, a number of unwanted
contributions to precision electroweak, Zbb and flavor observables are suppressed in the LRS framework,
compared with the corresponding RS case. An important consequence of the LRS truncation, independent
of precise details, is a significant enhancement of the clean (golden) di-lepton LHC signals, by O(y?), due
to a larger “p-photon” mixing and a smaller inter-composite coupling.

© 2008 Elsevier BV. All rights reserved.

Little Randall-Sundrum models: ek strikes again

M. Bauer, S. Casagrande, L. Griinder, U. Haisch and M. Neubert
Institut fiir Physik (THEP), Johannes Gutenberg-Universitat, D-55099 Mainz, Germany
(Dated: November 22, 2008)

A detailed phenomenological analysis of neutral kaon mixing in “little Randall-Sundrum™ models is
presented. It is shown that the constraints arising from the CP-violating quantity ex can, depending
on the value of the ultra-violet cutoff, be even stronger than in the original Randall-Sundrum scenario
addressing the hierarchy problem up to the Planck scale. The origin of the enhancement is explained,
and a bound Auv > several 10° TeV is derived, below which vast corrections to ex are generically
unavoidable. Implications for non-standard Z° — bb couplings are briefly discussed.

PACS numbers: 11.10.Kk,12.60.-1,12.90.4+b,13.20.Eb,13.38.Dg

L‘" L7'/’2 Modn LXR - L"la-» o [ ow L%MszoLQiWL ﬁ em l“""‘L'A m% Qm K.]<11

[/



II. K=>mm, Al =% Rule & €



Delta I=1/2 rule (puzzle): achallenge for 1I=o
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BSM-CP: Theoretical motivation

* Since CP violation was experimentally seen in 1964, this means CP is NOT a symmetry
of nature.

Therefore, we cannot set the CP-odd phase(s) naturally to zero.

BSMs are naturally endowed with CP-odd phases.

Since epsilon’ is a lot smaller than even eps, it should be extremely sensitive to the
new phase(s).

This naturalness based argument is a compelling argument for us to try
understand esp’ quantitatively as precisely as possible.

* Moreover, SM cannot account for baryogenesis.....CKM CP not enough

* Due to all of the above (and some more) reasons searching for BSM CP-
phase(s) is just about the most powerful way to look for NP.....an early
realization & a driving force for pursuing eps’ for past few decades

7/27/2020 ICHEP 072820; soni, HET-BNL
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ReA, Red,

Use lattice to calculate 6 quantities:

ReAO, ReA2 known from expt; 60,62 via

ChPT etc..So very good checks; . k
ImA. ImA2 unknown 'ﬁd.‘hclf

= B Po/boho /
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A.S. in Proceedings of Lattice ‘85 (FSU)..1* Lattice meeting
e atended

The matrix elements of some penguin operators control in the
standard model another CP violation parameter, namely c'/e.ﬁ’m
r———
[ndeed efforts are now undervay for an improved measurement of this

{mportant paramter*m In the absence of a reldable calculation for |

W
these paraneters, the experinental measurements, often achieved at
tremendous effort, cannot be used effectively for constraining the

e e —

tMy. It 18 therefore clearly fmportant to gee how far one can go

vith iC techniques in alleviating this old but very difficult

Serves as a template for the need of
Lattice calculations for more economical
072820; soni, HET use of almost all experimental data

From IF
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* (Calculation K=> nn & €' were the reasons | went into 1"0”

MOTHER of all (lattice) calculations to date:

A Personal Perspective

|attice over 1/3 of a century ago!

9+ (3 new) PhD thesis: Terry Draper (UCLA'84), G
Hockney(UCLA'86), Cristian Calin (Columbia=C
Laiho(Princeton’04), Sam Li(CU’06), Matthe
Lightman(CU’09), Elaine Goode(Southampton’10), Qi
Liu(CU’12), Daigian Zhang(CU’'15)+ [new ones starting
from CU, U Conn and Southampton] + many PD’s & junior
facs.. obstacles & challenges (and of course “mistakes”!)
ad infinitum.....

18



EXTREMELY valuable inputs from countless:

* Fred Gilman and Mark Wise
* Andrzej Buras et al

* Guido Martinelli et al

* Yigal Shamir

* Laurent Lellouch + Martin Luscher
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Basic calculational framework
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 PHYSICAL REVIEW D VOLUME 32, NUMBER 9 1 NOVEMBER 1985

Apphcatlon of chlral perturbation themecays 3 L‘E FF 1

Claude Bernard, Terrence Draper,* and A. Soni
wgy 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— 2. It is shown that, to quadratic order in
meson masses, the amplitude for K—2m can be written in terms of the unphysical amplitudes
K— and K—0, where 0 is the vacuum. One may then hope to calculate these two simpler ampli-
m 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—m. We make a rough test of the practicability of
these ideas in Monte Carlo studxes We also describe a method for evaluating meson decay constants 0 ?w

23



A key point to emphasize is that overcoming
each major obstacle led to significant
application to phenomenology and/or lattice

[necessity is the parent of.......]



Lattice computation of the decay constants of B and D mesons

Claude W. Bernard
Department of Physics, Washington University, St. Lowis, Missouri 63130

James N. Labrenz
Department of Physics FM-15, Unersiy a7 Wastgion, Seatile, Washington 98195

Amarjit Soni
Department of Physics, Brookhaven National Laboraiory, Upion, New York 11973
(Received 1 July 1993)
PHYSICAL REVIEW D VOLUME 45, NUMBER 3 | FEBRUARY 1992

Lattice study of semileptonic decays of charm mesons into vector mesons

Claude W. Bernard
Depariment of Physics, Washington Unicersity, St. Lowis, Missouri 63130

Aida X. El-Khadra
Theory Group, Fermi National Accelerator Laboratory, P.0. Box S0, Batavia, Illnois 60510

Amarjit Soni
Deparimen of Physics, Brookhaven National Laboratory, Upton, New York 11973
(Received 30 September 1991)

and D)= p using Wilson fermions on a 24*X39 lattice at =60 with 8 quenched configurations. For
D+ K*, we find for the ratio of axial form actors 43(0)/41(0) =0.70.£0, Ib‘ﬂﬂ Rnul(s for other Y

We present our lattce caleulation of the semileptoric form factors for the decays D K*, D ¢, 69

farm Faetors and rating are alin niven

PN WORKS heg u\j
12/20/2017“\\69 w 9% \):‘ _—

Semileptonic decays on the lattice: The exclusive 0™ to 0™ case

Claude W. Bernard®
Institute for Theorstical Physics, University of Califomnia, Santa Barbara, Cakifornia 93106

Aida X. El-Kh
Theory Group, Fermi Nationel Accelerator Laboratary, P. 0. Box 500, Batavia, Illinois 60510

Amarjit Soni
Institute for Theoretical Physics, University of California, Santa Barbara, California 93106
and Department of Physics Brokhaven National Laborory, Upton, New York 197"
(Received 21 December 1990)

PHYSICAL REVEEW D, VOLUME 6, 014501

L) ﬂamr braking n hadroni matixclemens i B sl

E/V (b
I o P, Masigon Uy, 1. Lowis, Moo 6130

T Bl ad A

Dperen o s Brookgyn oo Labom!m' Cpon N Ik 1197
tred ﬁm uled Moy 196

i P

25



Use exptal data + lattice WME to test SM & search for new physics

http://ckmfitter.in2p3.fr
see also http://www.utfit.org ’VOU
Looks great; but looks |y 6 3 g. S '
can be deceiving... oo, ‘“{ K, 9 f %‘ bs ge
s 5 & mo\g(il.
~

In fact at level of O(20) [T :
But g"\l‘(") , g‘ (4%

. . Amy
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PHYSICAL REVIEW D VOLUME 56. NUMBER 1 1 JULY 1997

QCD with domain wall quarks ’ S* 5,
o w{s kow
Y T, Blum* and A. Soni’ .
/r \Ilﬁ Department of Physics, Brookhaven National Laboratory, Upton, New Tork 11973 W‘ h

(Recetved 27 November 1996)

We present lattice caleulations in QCD using Shamir's vasiant of Kaplan fermions which retain the con-
tinum SU(N); X SU(N)z chiral symmetry on the lattice in the limit of an infinite extra dimension. In par-
ticular, we show that the pion mass and the four querk matrix element related to K; KO mixing have the

expected behavior in the chiral limit, even on lattices with modest extent in the extra dimension, e.g.
N,=10. [S0556-2821(97)00113-] B——

ool E | { 5 CL'\M‘-
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CHT
i NoC (C«\Y/ol P~ e

v mifhod om]or"‘*
Direct K->z (a la Lellouch-Luscher), using finite fa Kk ™

volume correlation* functions, [ l.e. W/O o Llfv‘

ChPT| RBC initiates around 2006
Owmue b 80 Wmi )E‘W‘*ﬂ'\"

* Allows to bypass Mairt-Testa theorem
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Relating lattice ME to physical amplitudes

10 7 9
G T 3/
Ag/o _ F\/ivudvus Z 2 [(zz + Tyz(/i)) Zz!?t—)MSMji/z,l t]
=1 j=1

F is the Lellouch-Luscher factor which relates finite volume ME to the infinite volume

. ﬁﬂ”m"j A )M (Lo

mq \ 9q

(¢ is a somewhat complicated

L “"5 function of  and boundary
W_L N% NIR o

Conditions [See Daigian Zhang
A

thesis]
12/20/2017 IMSC; HET-BNL;soni 98
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- Using Re(A ) and Re(A ) from andg/our lattic value for

P/Q LQD\ g mﬂi&ﬁ%@x and thephas ,shifts ¢ s/_’_?

) ) ©
e g R iwe'%=%) [TmA, ImAy
= Reh, ok CANCELLATION!!

RBC-UKQCD PRL'15
EDITOR’S CHOICE

lcmoi
VLA

V2e
= 1.38(5.15)(4.43) x 107,
16.6(2.3) x 107

€

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

with expt
Computed ReAO good agreement with

w o &“ N 00 “I.l{ expt

» ,—fl Offered an “explanation” of the Delta 1=1/2
enhancement
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A UNIQUE ASPECT OF OUR CALCULATION

* REAL AOQ, the strong phase (60) and Im A0 are being calculated
simultaneously from 15t principles in the same calculation

* Re AO is also known from EXPERIMENT...& strong phase deduced via
ChPT + expt; therefore, these provide a powerful check [amongst
many others] of what we are doing

* If a non-perturbative calculation of ImAO and of eps’ is done w/o
also calculating ReAO & 60 in the same framework, then its
repercussions for eps’ (in the very least) raises questions.

7/27/2020 ICHEP 072820; soni, HET-BNL 31
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A possible difficulty: strong phases

 The continuum and our lattice determinations of
strong phase
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Statisti

—

cs increase c.Ke,dﬂ( LAT /&

« Original goal was a 4x increase in statistics 0ve@216}conﬁgurations

used in 2015 analysis.

« Large-scale programme performed 1nvolv1ng many machmes r : ’

Source Determinant computation | Independent configs.
5 C S Blue Waters RHMC 34+18+4+3
KEKSC RHMC 106
D‘ o BNL RHMC 208
3 DiRAC RHMC 151
o.&-‘d\!" KEKSC EOFA 2754215
C BNL EOFA 245
1259 total

« Measurements performed using IBM BG/Q machines at BNL and the
Cori computer (Intel KNL) at NERSC largely complete.

« Including original data, now have 6.7x increase in statistics!

ﬁﬁu o yuede



Implications for K — it and resolution

» Despite vast increase in statistics, this second state cannot be resolved from the
time dependence using only a single rtrt operator.

» Possibly a significant underestimate of excited state systematic error in K— 1t
calculation that can only be resolved by adding additional operators.

* In response we have expanded the scope of the calculation:

* Added K - o matrix elements

» Added K- 1t matrix element of new 1trt operator with larger relative pion
momenta (still p_,,=0)

» Result is 3x increase in the number of I1=0 1tTT Operators in K- 1Tt calc.

 Also added it 2pt functions with non-zero total it momenta.
Calculate phase shift at several (smaller) additional center-of-mass energies.

» Additional points that can be compared to dispersive result / experiment

* Improve ~11% systematic on Lellouch-Luscher factor associated with slope
of phase shift.

« Currently have 152 measurements with new operators! A&A\’j N ’00/,,,\’{“.

L 4
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Unravelling the Al=1/2 rule
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Dissecting (the much easier) Al=3/2 [I=2 niit] Amp on the
lattice: 2 contributing topologies only

=" i
<>

| _ Ta (W)
25 Dhﬁiﬁ CR el DRAMATIC

O

Simplest basic step is g 20 b %@cﬁ@ |
Significantly different E L5 r) H%%H%@@@@@ - CI‘HV[[ LZ»HTID/V!-
from E‘Z 1.0k ‘%‘H%@ Popo, (ﬂ\'\n ) ‘L“) MQV)
phenomenological [ % fog
Expectations! 5T 200900%000400000099°
0.0 |
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Parameter Value
2-state fit 3-state fit
Fit range 6-15 4-15 u [ @
A'n‘mun 0.3682(31) 0.3718(22)
Al i 0.00380(32) 0.00333(27)
A —0.0004309(41) [—0.0004318(42)
Eo 0.3479(11) 0.35030(70) 2 p 0
AL e 0.1712(91) 0.1748(67)
Al iy —0.0513(27) —0.0528(30)
AL 0.000314(17) 0.000358(13)
E; 0.568(13) 0.5879(65)
AZ i 0.116(29)
AT — 0.063(10)
A2 0.000377(94)
E> = 0.94(10)
p-value 0.314 0.092

TABLE III: Fit parameters in lattice units and the p-values for multi-operator fits to the / = O gt
two-pojnt functions. Here £; arce the energies of the states and AL represents the matrix element
of the operator e between the state 7 and the vacuum, given in units of V1 % 1073, The second
column gives the parameters for our primary fit which uses two-states and three operators. The
third column shows a fit with the same three operators and one additional state that is used to

probe the systematic effects of this third state on the K — st matrix element fits.

ICHEP 072820; soni, HET-BNL 38
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(a) rypel (b) type2
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FIG. 2: The four classes of K — w Wick contractions.
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A

)
A_

—_

5 ‘JA

Re(Ap) Im(Ap) G@
i (d.4) (<1077 GeV) (P*,7*) (x1077 GeV)|(g.4) (x107 ' GeV) (¥*,y*) (x107 ! GeV) P
1 0.383(77) 0.335(64) 0 0
%M -_?.2 2.89(30) 2.81(28) 0 0
3 0.0081(58) 0.0050(42) 0.20(14) 0.12(10)
4 0.081(23) 0.088(17) 1.24(35) 1.34(27)

=
;
=

10

0.0380(68)
—0.410(28)
0.001863(56)
—0.00726(14)
—8.7(1.5) x 1073

2.37(38) x 104

0.0339(53)
—0.398(27)
0.001900(56)
—0.00708(13)
—8.5(1.4) x 10~5

2.13(32) x 10~*

0.552(99)
—8.78(60)
0.02491(75)
—0.2111(40)
—0.133(22)

—0.0304(49)

0.492(77)

¢
i — ) OMimenm
0.02540(75)
—0.2060(39)
—0.128(21)

—0.0273(41)

Total

2.99(32)

2.86(31)

—7.15(66)

—6.93(64)

TABLE XVIII: The contributions of each of the ten four-quark operators to Re(Ag) and Im(Ag)

for the two different RI-SMO !! intermediate schemes. The scheme and units are listed in the

column headers. The errors are statistical, only.
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Error source

Value

Excited state

Unphysical kinematic

Finite lattice spacing

s | 3%

12%

Lellouch-Liischer factor | 1.3%

Finite-volume corrections| 7%

Missing G operator | 3%
Renormalization | 4%
Total 15.7%

TABLE XXV: Relative systematic errors on the infinite-volume matrix elements of

MS-renormalized four-quark operators Qfﬁ.

7/27/2020
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Error source Value
‘ Re(Ay) Im(Aq) % A/O
Matrix elements | 19.7% | 15.7%
U/ Parametric errors | 0.3% | 6% &
a J Wilson coefficients| 12% | 12% o Q‘l
' Total | 19.8%|20.7%

TABLE XXV Relative systematic errors on Re(Ag) and Im(Ap).

ICHEP 072820; soni, HET-BNL

41



Quantity | Q Uy Value = XpP71
Re(do) | 299(032)(0.59)x107GeV v 339 X 10! &V
Im(4g)  [-6.98(0.62)(1.44)x 10~ GeV

Aif'é R"‘x( “——>9 Re(do)/Re(4)) 19.9(2.3)(4.4) ———2N 245

Re(g'/e) 0.00217(26)(62)(50)

- NQIB S foﬂf r;#“

TABLE I: A summary of the primary results of this work. The values in parentheses give the

statistical and systematic errors, respectively. For the last entry the systematic error associated

with electromagnetism and isospin breaking is listed separately as a third error contribution.
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IB+EM effects.....not yet from
lattice
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FIG. 12: The horizontal-band constraint on the CKM matrix unitarity triangle in the p — 1 plane

obtained from our calculation of &', along with constraints obtained from other inputs [6, 70. 71].

The error bands represent the statistical and systematic errors combined in quadrature. Note that

the band labeled €’ is historically (e.g. in Ref. [72]) labeled as €’ /e, where € is taken from

experiment.
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Naturalness: an important
consideration
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A firm believer in naturalness

My Qm’b L( clance ’oﬂ ;t(, Iw Cﬁ)

e Used to be OSCILL8 (through the 80’s while @UCLA)
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DRAWING STRONG CONCLUSWONS

prsed M ao’), Tk is oK gq"/
Top RISKY !

Q//DU”prUW\/“m/

g;ttfimwofvem e Combvont Lo mipeve g r/\w’{cm
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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 103 Cnonym 11
LAY

A failure of imagination ? Lack of patience ? ch/{w K / é L’

alars'13; 9/13/13 A. Soni HET-BNL
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Summary + Outlook 1 of 2 pages

» After decades of effort, overcoming major hurdles, using DWQ with essentially
continuum-like fermions along with improved renormalization methodology,
cutting edge statistical analysis and algorithmic advances, RBC-UKQCD is
presenting an updated result on SM-eps’ ~_21.7(26)(62)(50)X10*
which is compatible [within errors] with the measured value 16.6(2.3)X10

* Bearing in mind that this is an extremely treacherous calculation loaded with
numerous avenues of errors and oversights, an independent calculation has
been in process for about ~3 years within RBC-UKQCD. This effort is led by Tom
Blum with (then g.s.) Dan Hoying/Masaaki Tomii, U Conn-BNL, Taku Izubuchi et
al. This path uses PBC unlike the currently finished result which used GPBC...we
hope to have 15 results from PBC in ™~ 2 years.

 Also GPBC effort will be continued at other lattice spacing(s)
————— ——— 2




Summary + Outlook

* Lattice efforts to incorporate IB + EM effects are being studied but have
some ways to go before they can tackle K=> pi pi and eps’

* With physical pions, kaons and such first glance at lattice ChPT is quite
encouraging, see RBC-UKQCD, David Murphy et al 2015 and DM, PhD
thesis, Columbia Univ

* This begs the question that much simpler path could now be used via
BDSPW [LO ChPT] and/or L+S [NLOChPT] to address eps’...This could be
tens of times simpler though at some cost in accuracy.......... all this needs

to be studied...Mattia Bruno, Christoph Lehner + AS et al
* Hope to have an imwed result on eps’ with O(15%) errors in ~3 years




EXTRAS



Lattice used
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/
Cl~eCkm7&
Neutral kaon mixing induced by 2" order weak processes gives rise to mass
difference between K_and K_
0 5 WG"'j ¢
n|Hy |K°)

R A1l

FCNC - highly suppressed in SM due to GIM mechanism: Am,_= 3.483(6)x10**
MeV small and highly sensitive to new BSM FCNC.

PT calc using weak EFT with AS=2 eff. Hamiltonian (charm integrated out)
dominated by p~m_: poor PT convergence at charm scale —» ~36% PT sys error.

PT calc neglects long-distance effects arising when 2 weak operators separated
by distance ~1/A,

Use lattice to evaluate matrix element of product of H *5="¢" directly:

T, W, TAT, ...

—@ | | @
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FIG. 3: Contractions (1), -@) and (@) 4+ (2) as functions of
t from the simulation at threshold with m, ~ 330 MeV

and A = 20.
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Net effect

* This large cancellation between N> and N
[N=3,for QCD] leads to a reduction in ReA2
compared to “naive expectations” by a factor of
about 4to 5 inthe original effect of around

22.5

*Then there is a factor of 2 to 3 from renorm...=>
bringing the total to [8 to 15] of the needed 22.5

* The remaining factor of [ 1.5 to 2.8] ... comes
from ReAO over “naive expectations”



More on AO Q: = Lb[ff%“

* Another important fact about Re A0 is that at a scale of ~¥1.3 GeV or more,
the contribution from penguin operators, Q3,Q4,Q5,Q6,is negligibly small.

* Indeed, ~“85% of ReAO0 originates at these scales from Q2 which is just the
original Weak interaction 4-q operator: [s-bar gamma_mulL u]X[d-bar
gamma_ul u], which originates from integrating out the W-boson.

* The essential moral is that if you take the original weak interaction 4q operraor

and non-pertubatively compute its matrix element between K to pi pi in the I1=0
channel then it accounts for most (~“85%) of Re AO.....

* Lastly, but equally importantly, it should be stressed that the SVZ-penguin
operator Q6 is in fact the dominant contributor to Im AO.
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Why EWK cannot be neglected': 3&4{0«},5

* Despite Olgep ey << Qocp  » EWK contributions are extremely
important and CANNOT be neglected:

* EWK are (8,8) and QCD are (8,1), and (8,8) go to constant whereas
(8,1) vanish in the chiral limit

* EWK, i.e. those due Z exch have Wilson coeff that go as mt2 /mW?2

A ey i
* In € they enter as ImAZ hnA” F
ReA, R.GAU

Ma ’9\3 M(‘/ — A’é‘y
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162 C. Bernard, A. Soni/ Weak matrix elements on the lattice
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B WD)
200% 044

-J-0

lo -0/,

SMOM(g.¢) (GeV?)

MOM(#,y4) (GeV?)

MS via SMOM(g,4) (GeV?)

MS via SMOM(#,9*) (GeV?)

1 [0.060(39)

[

—0.125(19)
3 0.142(17)

4 |-

o

—0.351(62)
—1.306(90)
0.775(23)

o N

3.312(63)
9 |-

10|-

0.059(38)
—0.106(16)
0.128(14)
—0.313(48)
—1.214(82)
0.790(23)
3.092(58)

—0.107(22
0.147(15)
—0.086(61)
0.185(53)
—0.348(62)
—1.308(90)
0.769(23)
3.389(64)
—0.117(20)
0.137(22)

—0.093(18)
0.143(14)
—0.053(44)
0.200(40)
—0.311(48)
—1.272(86)
0.784(23)
3.308(63)

—0.114(19)

0.123(19)

TABLE XIV: Physical. infinite-volume matrix elements in the SMOM(¢, ¢) and SMOM(y#, )
schemes at u = 4.006 GeV given in the 7-operator chiral basis, as well as those converted

e at the same scale in the 10-operator basis. The errors are

e Mzw
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statistical only.
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VoLume 48, NUMBER 13 PHYSICAL REVIEW LETTERS 29 Magch 1982

Constraint on the Mass Scale of a Left-Right-Symmetric Electroweak Theory
from the K, -Kg Mass Difference

i S N Bt wit OLL = [djs “y”%(l - 75)% d] ws 5},%(1 - },5)% ﬂ] _

and
A. Soni
Department of Physics, Universily of California, Los Angeles, California 90024
(Received 21 December 1981)

The K;-Kg mass difference provides a s ringenl con: !r'l the mass (Mg of the
charged right-handed gauge field occurring in a “mani f l ( gh mmetric electro-
weak theory, yielding My <1.6 TeV. Taken in lh of a grand-u lei §g g theo y Vac
e, O(10), such a large bound on My, along w hh(. ured value w, implie m ml f m 2‘m (5)
that Mg 210" GeV. LL LL K K K

PACS numbers: 12.10.Ck, 11.30.Ly, 14.80.Er

‘L To evaluate the LR contribution we also use the divergence equation le&z:-iau@ly"ysguz)/ [, +m,) to

"2w84lluct

ﬁ I =, mﬁmx it P4 ]fx’"x Zmr Wy, 7'7 ()
){ flnp €l €11, } "
(1-)le; -l i ¢J- f](f ) - f,)(ﬂ )(E -¢))’

OLRE[ sa;’(l'75)¢4a]w.56%(1+75)§045] & LR-S‘m \ VANYY, m ,|{0WV
My M 77 .S ‘
o FRL 1931-42
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Oyl el 190-0u98)

the ive operators . In our framework we are interested only in the parity-even operators. In the

so-Called SUSY basis introduced in [2], the parity-even operators are, Table 3: Comparison of the results of this work in MS(y = 3GeV) alongside our collaboration’s
— previous results presented in [3)]. -

01 = (5l 1= 5)da) Gy L - 5)d) #SM RBC-UKQCDI6[5]  This Work

01:(«“ 150 331 - 5)ch) Np= | Ml M
scheme | RI-SMOM RI-SMOM

3= (51 =) 351 - o) 3
| DREE) BRI
I EATATCATREAT //7LRW\ Reo|6os0sm)  ssIse)
Ry | 43.11(89)230)  41.58(37)(119)
05 (SG(I }’i)]b)(f H'}lﬁ)dﬂ) R5 ]099(70)(88) 10.8](9)(37]
@S M ,/7

. /
- ‘77[2 /LKN v MC#*“M [ S®

- SV v FAL 54 r~'
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