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1. Introductory Remarksand Calculation Setup

We will present the main features of the method and prelirginesults of the bag parameter
calculation for the K meson oscillations at three valueshef lattice spacing using thé; = 2
dynamical quark configurations produced by the ETM collation.

ETMC dynamical configurations have been produced with e kevel Symmanzik improved
action in the gauge sector while the dynamical quarks haea begularized by employing the
twisted mass (tm) formalism [1]. It has been demonstratetivifith the condition ofnaximal twist
this formalism provides automat{@(a)-improved physical quantities [2].

In the so called physical basis the fermion lattice actiamceoning the sea sector is written

Sea=a"y P(X)(yO — iV T3 Wer + Hsea Y(X) (1.1)

WithWer = =55, 05,0 +Mer(r=1); g = (u d)" is a doublet of degenerate light sea quarks while
Usea= diag(ty Mg). We should also note that the tm formalism offers a simpleommalisation
pattern with comparison to the standard Wilson regulddpat This is true for some important
physical quantities calculated on the lattice, as for exartie pseudoscalar decay constant and
the chiral condensate.

It has been shown that the use of the tm regularization capli§jynthe renormalization pattern
properties of the four-fermion operators which enter in¢hkeulation of certain phenomenolog-
ically important weak matrix elements suchBs [1, 3, 4]. In order to achieve bot®(a) im-
provement and a continuum-like renormalization patterth@éevaluation oBx we introduce the
valence quarks with Osterwalder-Seiler lattice action alfmv for replica of the downd, d’) and
strange ¢, S) flavours [5], viz.

Sa=a'y d% q_f(x)<yi—iV5rchr+Uf)Qf(X)a —Irs=rg=rg =rg=1. (1.2)
X f=dd sg

The valence sector action above is written (unlike eq. Jdrl)he so called physical quark basis
with the fieldq; representing just one individual flavour. While the foumfésn operator relevant
for Bk (see eq. (2.1)) is chosen to contain all the four valence dilavim eq. (1.2), the interpolating
fields for the external (anti)Kaon states are made up of auarkgpair (Jl_ygs, with —r¢=rq) and a
0OS-quark pair(ﬂ_’ygs’, with rg = rg). This mixed action setup with maximally twisted Wilsokeli
guarks has been studied in detail in Ref. [5], allows for asyematching of sea and valence quark
masses and leads to unitarity violations that vanis&’ass the continuum limit is approached. In
the present case, however, the quark mass matching is ineteniecause we are neglecting the
sea strange quark (i.e. partially quanched computatibeyeby inducing some (possibly small)
O(a%) systematic error. We notice that the proposed method fainibg automati©(a) improved
results has already been tested successfully in the cadnutaf Bx with fully quenched quarks [6].
In Table 1 we give the simulation details concerning the nvakges of the sea and the valence
guarks for each value of the gauge coupling for the calangtresented in this work. The smallest
sea quark mass corresponds to a pion of about 270 MeV for geaff8 = 3.90. Forf3 = 4.05
the lightest pion weights 300 MeV while f@ = 3.80 the lowest pion mass is around 400 MeV.
The highest sea quark mass for the three values of the lafismeing is about half the strange quark
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mass. For the inversions in the valence sector we have madefule stochastic method (one—
end trick of ref. [7]) in order to increase the statisticdbimation. Propagator sources have been
located at randomly chosen timeslices. For more detailherdynamical configurations and the
stochastic method application see Refs [8, 9].

B at(L3xT) aly = alsea aun
3.80 24 % 48 0.0080 0.0110 0.0200, 0.0250
(a~ 0.1 fm) 0.0300, 0.0360
3.90 24 % 48 0.0040, 0.0064 0.0150, 0.0220
0.0085, 0.0100 0.0270, 0.0320
3.90 32 x 64 0.0030, 0.0040 0.0220, 0.0270
(a~ 0.085 fm)
4.05 32 x 64 0.0030, 0.0060 0.0150, 0.0180
(a~ 0.065 fm) 0.0080 0.0220, 0.0260

Table 1: Simulation details

2. The K-meson bag parameter

We recall that in our mixed action setup all the physical ditias are evaluated with no @
discretization effects (see Ref. [5]) and moreover the fetmion operator relevant f@y, which
reads

phys-basis

[VuVu + AuAy ] = [(OsYuQd) (Os VO ) + (GsYu ¥60d) (s Vi Y600r)] + [d — d'].  (2.1)

bare
is multiplicatively renormalizable. This can be easily aratood by noting that in the (unphysical)
tm basis, where the Wilson term enters the valence actioneistandard way (with nigs-twist)
and the operator renormalization properties are the sartteaftandard Wilson fermionic action,
the operator (2.1) takes the form

tm-basis

[VuAu +AuVi ] = [(XsYuXd) (Xs VuYsXar) + (XsVu¥6Xd) (Xs YuXa)] +[d = d],  (2.2)

bare
Herex; = exp %4 q; andy; = g;exp %4, f =d,d’,s,s are the tm basis valence quark fields.
The operator (2.2) is known to be protected from mixing undeormalisation due tGPSsym-
metry [10]. In summary we have (“R” stands for “renormalided

tm-basis

)

phys-basis phys-basis
[vuvu A | o = Zuneay VoV +AGA, ] — Zuaiav [vuAu +ALV, ] e
(2.3)
where the name of the renormalization constant is choses &mlze consistent with the notation
used in the standard Wilson fermion literature.
In order to estimate thBx-parameter we calculate a three-point correlation functibere a

four-fermion operator is free to move in lattice tirne/hereas two “K-meson walls" consisting of

bare
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noisy sources are imposed at fixed time separdtiont, = T /2. Thet, value changes randomly
from configuration to configuration. In our simulations wesiler the time reversed case too and
we average them properly. The plateau signal is takem_fer t < tg. We extractBx from the
ratio:

C (t—tL,t—tR) Lt

Bk (2.4)
ct-1)C (t—tr)

K =

In our analysis all correlation functions satisfy the cdioti aLy = auseaWhile the valence strange-
like quark mass values are given in Table 1. An important r&nsin order: the mixed regu-
larization set-up that we have used leads at finite lattieeigg to different values for the decay
constant and the pseudoscalar masses of the two K-mesohsyeohjn the calculation. We find
that the discretisation effects are negligible for the glammstant while happen to be significant in
the case of the pseudoscalar mass. For this reason we reeniadifour fermion matrix element by
dividing with (8/3)mQS mi £2S fi™. Moreover, as expected, the cutoff effects diminish dcadgi
towards the CL. So this kind of systematic error is well unctamtrol.

The fits to the light quark mass behaviour are performed usie§U(2) Partially Quenched
Chiral Perturbation Theory formula of refs [11, 12]. In oase the fit ansatz is:

2Bg 2Bg

2B
B(tn) = By(un) |1+ b(Hh)?M - 32n2f2“' In( al

2
/\X

)|+ @5)

where u, denotes the quark mass values around the strange quarkgbbkeI). Thus, the fit
procedure consists of a combined fit of chiral and continumtrapolation. We find that the cutoff
effects on our data are well described by andependent (but,-dependentD(a?) term.

Two methods of analysis have been followed. The first metkbelson using the information
for the physical mass values of the up/down and strange giratke continuum limit, as they have
been estimated in a recent ETMC computation [13]. Note tiairhplementation of this method
requires the knowlegde of the quark mass renormalizatiostaot [14]. The second method con-
sists of employing the pseudoscalar masses instead of Hré& quasses. In this case we choose
a set of three values of reference pseudoscalar masses maoletwo strange-like quarksvipn;
keeping each of them fixed we perform the chiral fits in termtheflight pseudoscalar mass. In
the end of the procedure we estim&e via an interpolation at the physical point defined by the
formulaMZ = 2MZ — M2. Both methods give compatible final results within less thiae standard
deviation.

In Figure 1(a) the quality of the plateau is shown b= 3.90, for three values of the light
guark mass and for one typical value af, in Figure 1(b) we present an example of a combined
chiral plus continuum fit (three value of the lattice spagifag BRC!(1,h) versus the light pseu-
doscalar mass squared in unitggfthe value ofMyy, is in the vicinity of the physical one.

The two point renormalisation constants for the axial anttarecurrent have been calculated
using the RI-MOM method [15]. We recall that the physicaladxurrent made up of OS quarks is
normalized byZa while the one consisting of tm quarks is normalizedZyy[14]. The RI-MOM
method has also been employed for the calculation of thermedsation constant of the four-
fermion operator [16]. In Figure 2(a) we show the behaviduthe renormalisation constant as a
function of the momentum squared in lattice urigg)? for 3 = 3.90 at the valence chiral limit
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Figure 1: (a) The quality of the plateau for three values of the lighaigumass for3 = 3.90; (b) Com-
bined chiral and continuum fit f@RC!(1, h) versus(roM )2. The empty black circle gives the value at the
continuum limit for the case dffOMy,) = 1.50;

and forapsea = 0.0040. Discretization effects @(a?) have been evaluated at one loop [17] and
subtracted from the relevant correlation functions. Tlius,leading discretization effects on our
RI-MOM determination of the renormalization constant ar@©¢g*a?, g’a*). We show three types
of results; two of them correspond to two estimates of theéraated perturbative contributions.
The amount of the subtraction depends on the choice of tlwe ¥af the gauge coupling. We have
considered two cases for the gauge coupling, the naiyjeapnd the boosted ongy). We also
show the result for th@&y aav(RGI) without considering any perturbative subtractions (iatéd

as “uncorrected” in the figure). In the right panel of the sdigere we illustrate the absence of
mixing with “wrong chirality" operators; in fact the mixingpefficients are vanishing.

e Uncorrected
2 2
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Figure 2: (a) RI/MOM computation of the multiplicative renormali&at factorzyaay(RGI) at § = 3.90;
(b) Mixing coefficientsA, (k= 1,---,4) with other four-fermion operators with “wrong chirality

Our preliminary result foBy in the RGI scheme in the continuum limit is

BRC! = 0.73(3)(3)
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The first error includes the uncertainty coming from the elators and from the fit procedure
(chiral plus continuum) while the second one is due to theettainties in the calculation of the
renormalisation constants. We are currently attemptirrgdace the latter uncertainty.

3. The K-bag meson parameter beyond the SM

Interactions beyond the SM including supersymmetry firmiew diagrams in the calculation
of the AS= 2 process. Their effect expressed in the OPE expansion isrichethe set of the
local operators to be considered in the low energy regime,esg. [18]. Therefore one has to
calculate on the lattice the matrix elements of five paritgrefour-fermion operators namel; =
Ovviaa, 02 = Ossypp, O3 = Of 1,04 = Oss pp andOs = Oyy_aa [19, 20, 21].

It is well known that the renormalisation pattern of the paeven four-fermion operators
becomes complicated because of mixings as soon as therniggtitan breaks the chiral symmetry;
this is certainly the case of Wilson fermions. However ushmgproposal of Ref. [5] this problem
is bypassed; due to the axial rotation mapping of the pafisn to parity-odd operators in the tm
basis the renormalisation pattern becomes continuumli&g It is worth mentioning that, as in
the case of the SM four-fermion operator, the lattice edtinaf the matrix elements @, ...,Os
are automaticallyD(a)-improved.

First results regarding the signal quality for the cas@ et 3.90 are given in Figure 3. We
depict the plateaux for thB; bag parameter (left panel) and for the quanBey~ giigﬂii (right
panel). Both figures refer to the same value of the light quaaks for three different choices of
the strange-like quark mass. Computation at the other tleesaf the lattice spacing as well as a
full determination of the renormalisation constant maisistill in progress.
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Figure3: (a) and (b): the quality of the signal for the quantitizsandR3 respectively at three values of the
strange-like quark mass usiag = 0.0040 at3 = 3.90.
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