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1. Introductory Remarks and Calculation Setup

Flavour Changing Neutral Currents (FCNC) and CP violaticay rfurnish useful informa-
tion on the impact of models defined beyond the standard nm{@$M). In various BSM models
(like for example the supersymmetric ones) there appearpdisibility forAS = 2 processes at
one loop, even mediated by the strong interactions. Thdsetefare thus potentially large. The
computation of the relevant matrix elements of the effectihamiltonian in combination with the
experimental value ofk offers the chance to constrain the values of the model pdems@ike
for instance the off-diagonal terms of the squark mass metsupersymmetric models [1]) which
enter explicitly in the Wilson coefficients.

In all the BSM models the effective Hamiltonian relevant floe AS= 2 processes takes the
general form

5 3
A2 =S GO+ S Ci(u)6 (1.1)
eff i; 1 | i; 1 |
where the operatorg; are defined by

01 = [Syu(1— y5)dY [y (1— y5)d°],
Or = [F(1- )P [P(1-y)d,  O3=[(1-y)d"|[S(1- y)d,
O4 = [F(1- )PP+ )d, 05 =[S(1—y)d”|[S(1+ 6)d? (1.2)

We note that in the SM case only the operatarcontributes. The parity-even parts of the operators

O1 = [SyVu(1+ y5)dY [y (1+ y5)d?],
Oy = [F(1+ )R [P(L+y)d,  O3=[R(1+w)d"[S(1+)d? (1.3)

coincide with those of the operatoeg. Therefore, due the parity conservation of the strong in-
teractions only the parity-even contributions of the opmsa/; need to be calculated. Defining a
basis of the parity even operators as follows

OV = (syud)(Syud), O™ = (Syuy6d)(Syuysd),

O°F = (sysd)(Ssd), 0S5= (5d)(sd),
O'" = (Soyvd)(Soy,d) (1.4)

through a Fierz transformation we obtain
1
ﬁl — (OVV + OAA), ﬁz — (OSS+ OPP), ﬁ3 — —E(OSS—F OPP_ OTT),

Oy = (055-0°P), 5= —%(OVV — O™ (1.5)

Up to now, lattice calculations have been presented in tieached approximation ([2], [3],
[4]) with the exception of a preliminary study of the bare maglements using unquenched sim-
ulations with 2+1 dynamical quarks [5].

Our lattice computations have been performed at three saltithe lattice spacing using the
Nt = 2 dynamical quark configurations produced by the ETM coltation [6]. ETMC dynamical
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configurations have been produced with the tree-level Symikamproved action in the gauge
sector while the dynamical quarks have been regularizedriplaying the twisted mass (tm) for-
malism [7]. It has been demonstrated that with the condiitbmaximal twistthis formalism
provides automati©(a)-improved physical quantities [8].

In the so calleghysicalbasis the fermion lattice action concerning the sea sestoritten

D=y 500 {53 WO+ ) 06t Ve 35 O] ) (19
X m

where the Wilson’s parameter has been set to unipy(x) is the quark flavour doublet, and[l,

are nearest-neighbour forward and backward lattice cavaderivativespse, is the (twisted) sea
quark mass ant¥l.; the critical mass. It has been shown that the use of the tmagation can
simplify the renormalization pattern properties of therféermion operators (e.gBk) [7, 9, 10].
Moreover, bothO(a) improvement and continuum-like operator renormalizagiattern can be
achieved introducing a valence quark action of the Ostelevetbeiler type [11] by allowing for a
replica of the downd, d’) and strangeq( ) flavours [12]. The valence quark action assumes the
form

Svalzaélzf ng { ZVM Ou+0y) — iVSrf[Mcr—g%DZDu]+Hf}Qf(X) 1.7)
=a,d’,s,

with —rs=rq =rq =rg = 1. Note that the field; represents just one individual flavour. The four
fermion operators of Eq. (1.4) can be written in general fas® ¢ = 2{[q1I q2][Gaf q4] + (G2 —
0s)} with g; andags identified with the strange quark (by settipg= ls = Lstranged anddy andgy
identified with the down quark (by setting; = Uy = t); the interpolating fields for the external
(anti)Kaon states are made up of a tm-quark plygg, with —rs=rg) and a OS-quark pald(ygs’
with rg =rg). Thismixedaction setup with maximally twisted Wilson-like quarks lhe&en studied

in detail in Ref. [12] and it has been demonstrated that avadl for an easy matching of sea and
valence quark masses and leads to unitarity violationswéngish asa® as the continuum limit is
approached. Moreover in the present computation the quags matching is incomplete because
we are neglecting the sea strange quark (i.e. we work in &afharuenched set-up). A first test
that the proposed method lead9Q¢a) improved results was already performed in the calculation
of Bk with fully quenched quarks [13]. In a recent publication][@dr collaboration, using the OS-
tm mixed action set-up, has presenteda)-improved computation d8x with Ny =2 dynamical
quarks. Using non-perturbative operator renormalisatiod three values for the lattice spacing,
the RGI value 0B in the continuum limit iBR®' = 0.729-+ 0.030.

In Table 1 we give the simulation details and the values ofséw and the valence quark
masses at each value of the gauge coupling for the calaulptesented in this work. The smallest
sea quark mass corresponds to a pion of about 280 MeV for e af$ = 3.90. For3 = 4.05
the lightest pion weighs 300 MeV while f@ = 3.80 the lowest pion mass is around 400 MeV.
The largest sea quark mass for the three values of the lafiexging is about half the strange quark
mass. For the inversions in the valence sector we have mad# tle stochastic method (one—end
trick of Ref. [15]) in order to increase the statistical inf@tion. Propagator sources have been
located at randomly chosen timeslices. For more detailherdynamical configurations and the
stochastic method application see Ref. [16].
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B at(L3xT) aly = allsea allg
3.80 248 % 48 0.0080 0.0110 0.0165, 0.0200, 0.0250
(a~0.1fm)
3.90 248 % 48 0.0040, 0.0064 0.0150, 0.0220, 0.0270
0.0085, 0.0100
" 323 x 64 0.0030, 0.0040 0.0150, 0.0220, 0.0270
(a~ 0.085 fm)
4.05 32 x 64 0.0030, 0.0060 0.0120, 0.0150, 0.0180
(a~ 0.065 fm) 0.0080

Table 1: Simulation details

2. B-Parameters and Four-Fermion Matrix Elements

As it has been shown in [12], the discrete symmetries guegatitat in the OS-tm mixed
action set-up the renormalisation of the four-fermion apans is continuum-like in the sense that
the mixing between operators of different naive chiralityf orderO(a?) or higher. An equivalent
view of the same property can be offered by the fact that inding@hysical) tm-basis the parity-
even part of each of the four fermion operators is mapped itvgrarity-odd counterpart. Then
due to the CPS symmetries the parity odd operators have tine Isl@ck-diagonal renormalisation
matrix pattern both in the continuum and at finite value ofléttce spacing ([17], [18]).

The B-parameters for the operators (1.5) are defined as

(RO 1K) = Ba(p) St 17 = Bic (1) 218 12

mg fic i
Ms(H) +ma(p) 4

whereC; = {-5/3,1/3,2,2/3}, i =2,...,5. The matrix element of the operat6t vanishes in
the chiral limit while the matrix element of the operatarsi = 2,...,5 get a non-zero value in the
chiral limit. From the above equations it can be seen that#theulation of theB; parameters for
i =2,...,5 involves the calculation of the quark mass at the same gcalén order to avoid
any extra systematic uncertainties in the computation efritatrix elements due to the quark
mass evaluation, it has been proposed the calculation abppate ratios of the four-fermion
matrix elements ([2], [3]). Here, besides the calculatibthe B parameters, we also consider the
following ratios
fi My My (KOGi()|K) 1
R = () eol (5) s s Ry | =25 @D

The computation of the renormalisation constants (RCeyagit for both the four-fermion and
two-fermion operatofshas been performed in a non-perturbative way using the RMcheme
following the strategies detailed in Refs. [19] and [20]Fig. 1 we show, fo3 = 3.90, that all the

(K% ()IK®) = CiBi(u) |

1In our OS-tm mixed action set-up we need to use the RCs forddlarsand the pseudoscalar density operators in
the calculation oB; fori = 2,...,5. ForBy, instead, (i.eBk) the normalisation constants for the axial and the vector
current are needed.
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Figure 1: The off-diagonal off-block elements of the four-fermion Réatrix operatorpij , (for B = 3.90)
which take values compatible with zero.

off-diagonal off-block elements of the four-fermion RC4mraoperatorA;j, which are expected to
vanish with the tm-OS mixed action setup, take values coitlpawith zero. In Fig. 2 we show the
combined fits oR; (L, Us), | = 2,...,5 with respect to the renormalised light quark mmﬂf, in
theMSscheme.

In Table 2 we present our preliminary results in the contmuimit and in theMS scheme for
the B-parameters and the ratiggiﬁ, i =2,...,5 calculated at the physical poiffy, s). The
ratios, jgi;, i=2,...,5, have been calculated either directly (throlghor using theB; estimates
and the values of the u/d and strange quark mass [23]. Thiésesa compatible within one or
two standard deviations. We have tried fit functions usitigezia second or first order polynomial
with respect to the light quark mass to which a term propoaidoa? has been added; we do not
notice a significant difference in the final continuum limalwes. We should note that the use of a
fit function containing a NLO logarithmic term leads to ratlsénilar results with those obtained
with a second order polynomial fit function.
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