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We discuss the theoretical and experimental status ofCtReviolating ratio ¢'/e. We revise our 1997
standard-model estimate—based on hadronic matrix elements computed in the chiral quark mo@lpf{ to
in the chiral expansion—Dby including an improved statistical analysis of the uncertainties and updated deter-
mination of the Cabibbo-Kobayashi-Maskawa elements and other short-distance parameters. Using normal
distributions for the experimental input data we findeRée = (2.2 0.8)x 10~ 3, whereas a flat scanning gives
0.9x10 3<Re &'/e<4.8x 10 3. Both results are in agreement with the current experimental data. The key
element in our estimate is, as before, the fit of thie=1/2 rule, which allows us to absorb most of the
theoretical uncertainties in the determination of the model-dependent parameters in the hadronic matrix ele-
ments. Our semiphenomenological approach leads to numerical stability against variations of the renormaliza-
tion scale and scheme dependence of the short- and long-distance components. The same dynamical mecha-
nism at work in the selection rule also explains the larger value obtained'fer with respect to other

estimates. A coherent picture Kf— 77 decays is thus provided.
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I. INTRODUCTION

The violation of CP symmetry in the kaon systeitfior
two recent textbooks on the subject see R&f) is param-
etrized in terms of the ratios
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Equations(1.1) can be written as
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wherew=A,/A, is the ratio between the isospir-2 and 0
components of theK— a7 amplitudes, the anomalous
smallness of which is known as thel =1/2 selection rule
[2]. The complex parameters and ¢’ are introduced to
quantify, respectively, indiredtvia K, -Kg mixing) and di-
rect(in the K, andKg decay$ CP violation. They are mea-

(1.2

surable quantities, and has been known to be nonvanishing

since 19643].
The AS=1 effective LagrangiarLyy is given by

Lw= —Ei Ci()Qi(w), (1.3
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where

G
ci(m=T;vudv:s[zi(mwyi(m]. (1.4)

In EqQ. (1.4), G is the Fermi coupling, the functiors(u)
andy;(u) are the Wilson coefficients and; the Cabibbo-
Kobayashi-Maskawa (CKM) matrix elements; 7
=—VVi/Vu4Vis. According to the standard parametriza-
tion of the CKM matrix, in order to determing’/e, we only
need to consider thg;(x«) components, which control the
CP-violating part of the Lagrangian. The coefficient$u),
andz;(u) contain all the dependence of short-distance phys-
ics, and depend on theW,b,c masses, the intrinsic QCD
scale Agcp, the ys-scheme used in the regularization and
the renormalization scale.

The Q; in Eq. (1.3) are the effective four-quark operators
obtained in the standard model by integrating out the vector
bosons and the heavy quarkb andc. A convenient and by
now standard basis includes the following ten operators:

Q1= (;ozu,B)V-A(UBda)V—Av

QZZ(%)V—A(Ud)V—Aa

Qs5= @m\; (AQ)v= A,

Qa6= (gadﬁ)vaé (aﬁqa)v: As
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3 _ R We take the phasep=w/2+ 5,— 8,— 0.=(0+4)° as
Q79= E(Sd)vaz eq(dd)v= A, vanishing[9], and we assume everywhere ti&®T is con-
a served. Therefore, Ré/e=¢'le.

Notice the explicit presence of the final-state-interaction
(FSI) phasess, in Egs.(1.7) and (1.8). Their presence is a
consequence of writing the absolute values of the amplitudes
in term of their dispersive parts. Theoretically, given that in
Eqg. (1.4 7<1, we obtain

3 .
QS,lOZE(SadB)VfA; €q(dpda)v+ A, (1.5

where a, B denote color indices«,8=1, ... N.) and éq

are the quark charge® (= 2/3, e4=e,= —1/3). Color indi-

ces for the color singlet operators are omitted. The labels Z z,Im(Q;),

(V=A) refer to the Dirac structure, (1= ys). tans, = . (1.9
The various operators originate from different diagrams Z 7, Re(Q)),

of the fundamental theory. At the tree level, we only have the

current-current operat@, induced byWw-exchange. Switch-

ing on QCD, the gluonic correction to tree-leWexchange ~ Finally, ., is the isospin breakingfor m,#mg) contri-
inducesQ,. Furthermore, QCD induces the gluon penguinbPution of the mixing ofr with » and »’.

operatorsQ;_g. The penguin diagrams induce different op-

erators because of the splitting of the color quéarkctop Preliminary remarks

current into a right- and a left-handed part and the presence 1,4 experiments in the early 1990K0,11] could not es-

of color octet and singlet currents. Electroweak penguinpjish the existence of diredt Pviolation because they
diagrams—where the exchanged gluon is replaced by a ph%’greed only marginallyone of them being consistent with

ton or aZ-boson and box-like diagrams—indu€g s and  ;6/45111]) and did not have the required accuracy. During
also a part ofQs. The operatorLg 1o are induced by the 1999 45 we shall briefly recall in the next section, the pre-
QCD renormalization of the electroweak penguin operator§iminary analysis of the new run of experimer{ts2—14

Q7: , . have settled on a range of values consistent with the previous
Even though the operators in E(L.5) are not all inde-  \a37 result, conclusively excluding a vanishieg. On the
pendent, this basis is of particular interest for any numerical o, hand, in order to asses precisely the value we must wait

analysis_ because it_has been_ gxtensively used for the_ M6r the completion of the data analysis which will improve
calculation of the Wilson coefficients to the next-to-leadingyy,o present accuracy by a factor of 2—3.

order (NLO) order inas and ae [4], in different renormal- On the theoretical side, progress has been slow as well

ization schemes. , . _ because of the intrinsic difficulty of a computation that spans
In the standard modek’can be in principle different gnergy scales as different as the pion and the top quark

from zero because thex33 CKM matrixVj; , which appears  nasses. Nevertheless, the estimates available before 1999

in the weak charged currents of the quar_k mass elgenstat_e,ﬂ§5_1ﬂ pointed to a non-vanishing and positive value, with

in general complex. On the other hand, in other .mod.els lik&yne of then17] being in the ball park of the present experi-

the superweak theorfs], the only source ofCPviolation 1 ental result.

resides in th&k°-K® mixing, ande’vanishes. It is therefore We revise our 1997 estimaf&7] of ¢'/eby updating the

of great importance for the discussion of the theoretical imvalues of the short-distance input parameters—among which

plications within the standard model and beyond to establisithe improved determination of the relevant CKM entries—

the experimental evidence and precise value ‘of and by including the Gaussian sampling of the experimental
The ratioe’/e(for a review see, e.g[6—8|) is computed input data. We also update the values and ranges of the
as “long-distance” model parameter&uark and gluon con-

densates, and constituent quark mabyg including a larger

theoretical “systematic” error £ 30%) in the fit of theCP
(1.6 conservingK — 7r7r amplitudes in order to better account for
the error related to the truncation of the chiral expansion.

For the sake of comparison with other approaches, we

give our results in terms of the so-call&j-parameters, in
two s regularization schemes: 't Hooft—Veltm#&HV) and
naive dimensional regularizatigiNDR).

Ree'/e=¢€

T Ot
2[e[ReA, M| 0T 2

where, the CKM combination = V4V, and, referring to
the AS=1 quark Lagrangian of Eq1.3),

1 The combined effect of the new ranges of the input pa-
Ho_coséo Z YiRAQ(1= iy (AT eters and I, makes the central value ef /& slightly

higher than before, while the statistical analysis of the input
1 parameters reduces the final uncertainty. For a more conser-

II,= > ViREQ)), (1.8)  vative assessment of the error, we give the full range of

oS, 5 uncertainty obtained by the flat span of the allowed ranges of

the input parameters. The result is numerically stable as we

and(Q;),=(2m,1|Qj|K). vary the renormalization scale and scheme. We conclude by
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briefly reviewing other estimates ef published in the last Jona-LasinioNJL) model of chiral symmetry breakingor

year. a review, see, e.g[19)).
In the YQM an effective interaction between thed,s
Il. THE EXPERIMENTAL STATUS quarks and the meson octet is introduced via the term
Experimentally the ratie'/e is extracted, by collecting Lom=— M(gr2a, +9.2 qR), (3.0

K, andKg decays into pairs of® and 7=, from the relation

which is added to an effective low-energy QCD Lagrangian
whose dynamical degrees of freedom are the,s quarks
propagating in a soft gluon background. The ma¥iin Eq.

(3.1) is the same as that used in chiral perturbation theory
and the determination of the ratias, - andny givenin Eq.  and it contains the pseudo-scalar meson multiplet. The quan-

2 e’
~1+6Re—, 2.1)

N+ -
oo

(1.D. o tity M is interpreted as the constituent quark mass in mesons
The announcement last year of the preliminary result fromcurrent quark masses are also included in the effective La-
the KTeV Collaboratior(Fermilal [12] grangian.

In the factorization approximation, the matrix elements of
the four quark operators are written in terms of better known
antities such as quark currents and densities. Such matrix

Ree/e’=(2.8+0.41)x 10 3, (2.2

based on data collected in 1996-97, and the present resil

from the NA48 CollaboratiofCERN) e ements(building blocks like the current matrix eLements
s (O[sy*(1—ys)ulK™ (k)) and (7" (py)sy*(1
Ree/e'=(1.4-0.43 X107, (23 —ys5)d|K*(k)) and the matrix elements of densities,

(0[sysulK*(K)), (7t (p,)[sd|K*(k)), are evaluated up to
O(p*) within the model. The model dependence in the color
inglet current and density matrix elements appéaes the

based on data collected in 190173] and 1994 14], settle the
long-standing issue of the presence of dil€& violation in
kaon decays. However, a clearcut determination of the actu ) )
value ofe’at the precision of a few parts in 4fhust wait for para_meter b_eyond the I_eadmg o_rder_ in the momentum
further statistics and scrutiny of the experimental systema expansion, while th_e Iea_dlng contributions agree with the
ics. well known expressions in terms of the meson decay con-
By computing the average among the two 1992 experi-Stants and MAsSSEs. I :
ments(NA31 and E73111]) and the KTeV and NA48 data . Non-fa_ctorlzable cont_rlbutl_ons due to soft _gluonlc correc-
tions are included by using Fierz-transformations and by cal-

we obtain culating building block matrix elements involving the color
Reele’=(1.9-0.46 X 10 3, (2.4  matrix T

where the error has been inflated according to the Particle <O|§y"Ta(1—y5)u|K*(k)),

Data Group procedurer(— o X \/x?/3), to be used when av- o

eraging over experimental data—in our case four sets—with (mH(p)|sy*T3(1—y5)d|K™ (k). (3.2

substantially different central values. ) o

The value in Eq(2.4) can be considered the current ex- Such matrix elements are non-zero for emission of gluons. In
perimental result. Such a result will be tested within the nexgontrast to the color singlet matrix elements above, they are
year by the full data analysis from KTeV and NA48 and model dependent starting with the leading order. Taking
(hopefully) the first data from KLOE at D®NE (Frascati;  Products of two such matrix elements and using the relation

at that time, the experimental uncertainty will be reduced to 72
a few parts in 16, _ 9§GZV6232_<—SGG>(5W5VB— 8,50,a) (3.3
The most important outcome of the 1999 results is that 3\

direct CP violation has been unambiguously observed and kes it ble t luoni . int ¢
that the superweak scenario, in whieh= 0, can be ex- makes it possible to express gluonic corrections in terms o

cluded to a high degree of confiden@aore than 40's) the gluonic vacuum condensdi20]. While the factorizable
9 9 ’ corrections are re-absorbed in the renormalization of the chi-

ral couplings, non-factorizable contributions affect explicitly
the form of the matrix elements. The model thus param-

In the present analysis, we use hadronic matrix elementstrizes all amplitudes in terms of the quantitMs(Eq), and

for all the relevant operatof3; _ipand a parameteéK com- (aSG G/7T> Higher order gluon condensates are omitted.
puted in the chiral quark modelyQM) at O(p*) in the The hadronic matrix elements of the operatorial basis in
chiral expansion[17]. This approach has three model- EQ. (1.5 for K— a7 decays, have been calculated up to
dependent parameters which are fixed by means of a fit g(p*) inclusive of chiral loop$17]. The leading ordefLO)
the Al=1/2 rule. Let us here review briefly the model and (O(p°,p?)) matrix elements (Q){® and the NLO
how the matrix elements are computed. (O(p%,p%) corrections(Qi>I\‘LO for final state isospin pro-
The yQM [18] is an effective quark model of QCD which jectionsl =0,2 are obtained by properly combining factoriz-
can be derived in the framework of the extended Nambu-able and non-factorizable contributions and expanding the

IIl. HADRONIC MATRIX ELEMENTS
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result at the given order. The total hadronic matrix elementshe stability of the computed observables against renormal-

up to O(p*) can then be written as ization scale and scheme dependence.
The fit of the CP-conserving involves the determination
(Qi())1=Z NZ[{( Q)P+ (Q)NOY(w) +al (w), of the final state interactioiFSI) phases. The absorptive

(3.9 component of the hadronic matrix elements appear when chi-
ral loops are included. In our approach the direct determina-

where Q; are the operators in Eq1.5), and a!(,u) are the tion of the rescattering phases givesG(ip*) §,=20° and
contributions from chiral loopgwhich include the wave- §,=—12°. Although these results show features which are
function renormalization The scale dependence of the in qualitative agreement with the phases extracted from pion-
(Q)PN° comes from the perturbative running of the nucleon scattering21],
guark condensate and masses, the latter appearing explicitly
in the NLO corrections. The quantities(u) represent the 6o=34.2°£2.2°, 5,=-6.9°0.2°, 39
scale dependent meson-loop corrections which depend on tt[]hee deviation from the experi tal data is sizabl
chiral quark model via the tree level chiral coefficients. They perimental daia 1S sizab’e, espe-

. . _ 4
have been included t@(p%) in Ref. [17] by applying the cially in the | =0 component. On the other hand,@{p~)

. o . T . the absorptive parts of the amplitudes are determined only at
modified minimal subtraction (MSscheme in dimensional O(p?) and disagreement with the measured phases should be
regularization, as for thg QM calculation of the tree-level expected. As a matter of fact, the authors of R&g] find
chiral coe_fﬁugnts. The wave—fu_ncuon renormahzatm?.‘ys that atO(p®) the absorptive part of the hadronic matrix ele-
andZ,, arise in theyQM from direct calculation of th&k  nents are substantially modified to give values of the rescat-
—K and#7— m propagators. _ tering phases quite close to those in E818). At the same
The hadronic matrix elements are matched—by takingjme theO(p®) corrections to the dispersive part of the had-
#sp=mLp—With the NLO Wilson coefficients at the scale (gnic matrix elements are very small.
A,=0.8 (=m,) as the best compromise between the range Thjs result corroborates our ansdtt7] of trusting the
of valld!ty of chiral perturbation and that of strong co_uplmg dispersive parts of th@(p?) matrix elements while input-
expansion. The scale dependence of the amplitudes is gauggdy the experimental values of the rescattering phases in all

by varyingu between 0.8 and 1 GeV. In this range the scalepartS of our analysis, which amounts to taking 6gs0.8
dependence of'/e remains always below 10%, thus giving gng coss,~1.

a stable prediction. Hadronic matrix elements in thg QM depend on the
vs-scheme utilized17]. Their dependence partially cancels
A. The fit of the Al =1/2 rule that of the short-distance NLO Wilson coefficients. Because

In order to assign the values of the model-dependent pe;_his cpmpensation is only numericalZ and not analytical, we
rameters M. <aq> and (aGG/m), we consider the take it as part of our phenomenological approach. A formal

i . . X -scheme matching can only come from a model more
CP-conserving amplitudes in th&l =1/2 selection rule of s g Y

K d | . te th litud complete than thegQM. Nevertheless, the result, as shown
—mm decays. In practice, we compute the ampitudes i, rig 2 pelow, is rather convincing.

By taking
A =%v v*iZ zi(n)REQi(1))o, (3.5
0 \/E ud USC0550 i il it)70, ' A8%D2340i40 MeV (39)

and fitting at the scalee=0.8 GeV the amplitudes in Egs.

Gk 1 . . .
A= —\ ¥ 72 (w)REO. (3.5 and (3.6) to their experimental values, allowing for a
27 2 U uscoss, 2 2(WREQI(w): +30% systematic uncertainty, we firisee Fig. 1
T oAy, (3.9 M=19522 MeV, (aGG/m)=(330+5 MeV)?,
within the YQM approach and vary the parameters in order <EQ>=(—235i 25 MeV)3 (3.10

to reproduce their experimental values
in the HV scheme, and
Ao(K—7m)=3.3x10 " GeV
M=195'12 MeV, (aGG/m)=(333"{ MeV)*,
and Ay(K—7m)=1.5x10"8 GeV, 3.7 B
(qq)=(—245-15 MeV)® (3.11
This procedure combines a model for low-energy QCD—

which allow us to compute all hadronic matrix elements inin the NDR scheme.
terms of a few basic parameters—with the phenomenological As shown by the lightNDR) and dark(HV) curves in
determination of such parameters. In this way, some shoriig. 2, theys-scheme dependence is controlled by the value
comings of such a naive modéh particular, the matching of M, the range of which is fixed thereby. The scheme
between long- and short-distance componeate absorbed dependence of both amplitudes is minimized fot
in the phenomenological fit. As a check, we eventually verify=190—-200 MeV. The goodys-scheme stability is also
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2 —— ZM
1.8 = 1.8
—_ — —
% 16l — o
gk g Lo —_—
) ) [ i |
S 14 ——— S 4l T
1.2 mm— 1.2
/
25 275 3 325 35 375 4 425 25 275 3 325 35 375 4 425
Ao 107 (GeV) Ao 107 (GeV)

FIG. 1. Dependence &, andA, on{qq), (GG), AS‘%D andM at ©=0.8 GeV. The gray and black sets of lines correspond to the
extreme values ol ocp andM. The length of the lines represents the effect of varying), while keeping all other parameters fixed. The
small dependence @, on the quark condensate is due to the contribution of the electroweak penguins digygmehe vertical spread
corresponds to varyinga GG/ ), with the central line corresponding to the central valug ®fG). The gray area denotes the region
spanned by varying all the parameters without correlations=ir8B8% box around the experimental valuesfgfandA, given by the cross
hairs. The figure on the leftight) shows the HVNDR) results, corresponding to varyidgq), (GG), AS‘%D andM in the ranges given in
Egs.(3.9—(3.11).

shown bys’/e and By . For this reason in our previous Penguin contribution toA, amounts to about 20% of the
papers[17] we only quoted for these observables the Hvamplitude.
results. Turning now to theAS=2 Lagrangian,

The fit of the amplituded, and A, is obtained for values
of the quark and gluon condensates which are in agreement Las=2=~Cas(1)Qsa 1), 312
with those found in other approaches, i.e., QCD sum rule§Nhere
and lattice, although it is fair to say that the relation between
the gluon condensate of QCD sum rules and lattice and that G2
of the QM is far from obvious. The value of the constituent Cos( ) =F—2W[?\§7715(Xc) +A27,S(%,)
guark mas is in good agreement with that found by fitting
radiative kaon decay®3].

In Fig. 3 we present the anatomy of the relevant operator + 2NN 73S(Xe , Xt) Jb(1) (3.13
contributions to theCP conserving amplitudes. It is worth
noticing that, because of the NLO enhancement ofl th@ where\; =VjqVis, X;=my/mj,. We denote byQs; the AS
matrix elementgmainly due to the chiral loopsthe gluon ~ — 2 local four quark operator

45 01 Qso=(sLy*dL)(s.7,,d0), (3.14
4 0.08 o . : o
S 35 h, < 0.06 which is the only local operator of dimension six in the stan-
:? : S 0.04 dard model.
= 0.02 The integration of the electroweak loops leads to the
25 TR 022\0\24 0 TR AT Inami-Lim functions[24] S(x) and S(x.,X;), the exact ex-
M (GeV) UM (Gev) pressions of which can be found in the reference quoted,

which depend on the masses of the charm and top quarks and

2 describe theAS=2 transition amplitude in the absence of
18 strong interactions.
g 15 The short-distance QCD corrections are encoded in the
31“2‘ coefficients ,, 7, and n3 with a common scale- and
“l Y 0 renormalization-scheme- dependent fadidyu) factorized
0.18 0.2 022 024 0.18 02 022 024 out. They are functions of the heavy quarks masses and of
M (GeV) M (GeV)

the scale parametérocp. These QCD corrections are avail-
FIG. 2. Test of theys-scheme stability of thé\, andA, ampli-  able at the NLJ'34] in the strong and electromagnetic cou-

tudes as functions d¥l. The light (dark curves correspond to the plings. _
NDR (HV) results, while the horizontal lines mark the experimental  1he scale-dependent factor of the short-distance correc-

values. The two figures on the right plonA,=2|(AV  tions is given by

—ANPR)/(AFY+ANPR)|. For the values ofqq) and({a GG/ ) in ()

Egs. (3.10, (3.1) we find ys-scheme independence fdvi b(w)= _2/9(1—3 as( 31
~190-200 MeV. (w)=[as(p)] Syl (3.19
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ADQI Q@ Q@ Q4 Q5 Q6 Al ?2 Q. Q2 Q3 4 Q5 Q6 Al
3
s 3 FIG. 3. Operator-by-operator
: » contributions toA;Xx 10" and A,
2 X 10° (GeV) in the HV scheme. In
15 1 (light) dark is the (LO) NLO
. 0 value. Notice theéd(p*) enhance-
4 ment of the gluon penguin opera-
0.5 tor in thel =0 amplitude.
0 -2
Ql Q@ Q@ Q4 Q5 Q6 Al Ql Q@ Q3 Q4 Q5 Q6 Al
whereJ; depends on thes-scheme used in the regulariza- B. The factors B;
tion. The NDR and HV scheme yield, respectively, The factorsB;, defined as
por_ 307 L, 91 - Bi=( Qi)™ ( Q)" (320
=—— an =—— .
3 162 2" T 162 (3.19

have become a standard way of displaying the values of the
hadronic matrix elements in order to compare them among
On the long-distance side, the hadroBig parameter is in- various approaches. However they must be used with care
troduced by writing theA S=2 matrix element as because of their dependence on the renormalization scheme
and scale, as well as on the choice of the vacuum saturation
_ 4 approximation(VSA) parameters.
(K°|Qea( 1) |K®) = §fﬁmﬁBK(ﬂ)- (3.17 They are given in thg QM in Table | in the HV and NDR
schemes, gt.=0.8 GeV, for the central value df52;. The

h | d lizati h ind q dependence on ocp enters indirectly via the fit of thel
The scale- and renormalization-scheme- independent paran-1 5 gejection rule and the determination of the parameters

eterBy is then defined by means of Eq8.15—(3.17 as of the model.
The uncertainty in the matrix elements of the penguin

Bx=b()Bx(w). (3.19  operatorsQs_g arises from the variation ofqq). This af-
fects mostly théB5 ¢ parameters because of the leading linear

By using the input values found by fitting thel = 1/2 rule ~ dependence ofgg) of the Qs s matrix elements in thgQM,
we obtain in bothys schemes contrasted to the quadratic dependence of the corresponding

VSA matrix elements. AccordinghyBs ¢ scale aqaq)‘l, or
B =1.1+0.2. (3.19 via PCAC asm,, and therefore are sensitive to the value
TABLE I. Central values of thé; factors in the HV and NDR
The result(3.19 includes chiral corrections up ©(p*) and renormalization schemes. F8k g the leading scaling dependence
it agrees with what we found ifiL7]. In the chiral limit one  on(qq) is explicitly shown for a conventional value of the conden-
derives a simple expression f&rK [Eq. (6.3) in Ref. [17]], sate. All otherB; factors are either independent or very weakly
which depends crucially on the value of the gluon condendependent ofqq). The dependence dmx GG/ m)in the ranges of
sate. In this limit, for central values of the parameters, weEgs.(3.10, (3.11) remains always below 10%.

obtain B, =0.44 (0.46) in the HV (NDR) scheme. A recent

. ~ . . HV NDR

calculation ofBy, based on QCD sum rules, finds in the
chiral limit and to the NLO in the N expansiorB=0.41  B{" 9.3 9.7
+0.09[25]. Many calculations 0B, have been performed B 2.8 2.9
on the lattice(for a recent review sef26]). According to ~ B{?’=B% 0.42 0.39
Ref.[26], the analysis of Ref.27] presents the most exten- B; -2.3 -3.0
sive study of systematic errors and gives ftuqgienched B, 1.9 1.3
value B, =0.86+0.06+0.14, which should be taken as the B (—240 MeV)® (—240 MeV)®
present reference value, while awaiting for further progres?S_ 6 1.8x (qq) 1.3% (9q)
in including dynamical quarks on the lattice. B0~ RO 26 24

Notice that no estimate of /& can be considered com- (o) a5 34

. . A 9 . .

plete unless it also gives a value fBi . The case of the p(0) 43 5.2
xQM, for instance, is telling insofar as the enhancement 0f3(72):BgZ’ 0.89 0.84
Bs is partially compensated for by a lar@ (and accord- B =p{ 0.42 0.39

ingly a smaller Im\,).
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chosen for these parameters. For this reason, we have re- 1 |Vyl?
ported the corresponding values®f  when the quark con- 772+p2=—2 . > 4.3
densate in the VSA is fixed to its PCA@artial conservation A [Vep|
of axial-vector couplingvalue. A2\ 2 A2\12 1 [Vgl?

It should however be stressed that such a dependence ;;?( 1— —| + 1_p< 1—-—|| = — td , (4.9
not physical and is introduced by the arbitrary normalization 2 2 A [Vepl?

on the VSA result. The estimate af is therefore almost )
independent ofn,, which only enters the NLO corrections where|Vyq| is found by means of

and the determination d . _ Gg o, 12 5
The enhancement of th@s s matrix elements with respect Amy= 24,2772 Vial Vol Mg, T,Ba, 78XiF (x0)
to the VSA valuegthe conventional normalization of the (4.5

VSA matrix elements corresponds to takitmg)(0.8 Ge\j
=(—220 MeV)?] is mainly due to the NLO chiral loop con- and
tributions. Such an enhancement, due to final state interac-
tions, has been found inN{ analyses beyond L{28,29, as —
well as recent dispersive studi¢30,32. A largeN, ap- Amy defé BBd|th|2'
proach, based on QCD sum rule&S8] which reproduces the ‘
electroweakr -7~ mass difference and the leptoni€7)  The functionsF(x) in Eq. (4.5 andS(x) in Eq. (4.1) can be
rare decays, disagrees in the determinatiod@f),, at u found in[24].
=0.8 GeV, due to the sharp scale dependence found for By using the method of Parodi, Roudeau and Stocchi
these matrix elements. Since the oper&@rgives a negli- [35], who have run their program starting from the inputs
gible contribution tos'/e, we should wait for a calculation listed in Table Il and
of other matrix elements within the same framework in order
to asses the extent and the impact of the disagreement with  7;,=1.44+0.18, #,=0.52, %3;=0.45+0.01, (4.7)
the yQM results.

Among the non-factorizable CorrectionS, the g|u0n Con_WhiCh are the values we find for our inpUtS, it is found that
densate contributions are most important for the 4
CP-conservingl =2 amplitudedand account for the values ImA=(1.14£0.1)x10°%, (4.8
and uncertainties cB(fz)) but are otherwise inessential in the
determination ofe’, for which FSI are the most relevant
corrections to the LO N result.

Amg  Me, f3.BeVisl®

(4.9

where the error is determined by the Gaussian distribution in
Fig. 4. Notice that the value thus found is roughly 10%

smaller than those found in other estimates for wHghis
smaller.

V. BOUNDS ON Im Ay The effect of this updated fit is a substantial reduction in
éhe range of Im\; with respect to what we used in our 1997
estimate[17]: all values smaller than 1:010" % are now
excluded (as opposed as before when values as small as
9.6x 10 “ were included

The updated measurements for the CKM element
[Vuo/Vepl implies a change in the determination of the
Wolfenstein parameten that enter in Im\,. This is of par-
ticular relevance because it affects proportionally the valu

of ¢'le.
The allowed values for Il,= 7|V, |Vp/? are found by V. ESTIMATING &'/e
imposing the experimental constraints fer |Vuy/Vep, The value ofe’computed by taking all input parameters

Amg andAm which give rise to the following equations: ¢ their central valuegTable 1)) is shown in Fig. 5. The
5 5 figure shows the contribution &' of the various operators in
1_>\_ 1o 1_>\_ Vo2 two ys renormalization schemes at=0.8 GeV and 1.0
7 2 p 2 [Veol “728(x) GeV. The advantage of such a histogram is that, contrary to
the B;, the size of the individual contributions does not de-
YA ER le] pend on some conventional normalization.
A8 BK:C)\m’ As the histogram makes it clear, the two dominant contri-
butions come from the gluon and electroweak penguin op-
(4.1 erators,Qg and Qg. However, the gluon penguin operator
dominates and there is very little cancellation with the elec-
where troweak penguin operator. The dominance of itked com-
ponents in theyQM originates from theD(p*) chiral cor-

+ 73S(Xy, %) — ms(xc)]

Gﬁfﬁmﬁm\z}\, rections, the detailed size of which is determined by the fit of
=————— and x;= mizlm\z,\,, (4.20 theAl=1/2rule. It is a nice feature of the approach that the
3\/§W2AMLS renormalization scheme stability imposed on tB@ con-
serving amplitudes is numerically preserveddfie. The
and comparison of the two figures shows also the remarkable
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TABLE II. Numerical values of the input parameters used in the present analysis. The triangles mark

those that have been updated with respect to our

1997 estimate.

Parameter Value
Vg 0.9753
Vis 0.2205+0.0018
Sirf6y 0.2247
my 91.187 GeV
My 80.22 GeV
mMy(My) 4.4 GeV
> me(me) 1.3 GeV
> e (2.280+0.019)x 102
> [V 0.04050.0015
> [Vup/Vep| 0.080+0.017(CLEO), 0.104+0.019(LEP)
> my(my) 165+5 GeV
Bk 1.1+0.2
> Amg >12.4 ps?t
> Amy (0.472+0.016) ps?
> fs,\/Bs, (210°%) MeVv
> ¢=1g \Bs/fe,\Bs, 1117598
> Mgo 5.2792+0.0018 GeV
> Mgo 5.3693-0.0020 GeV
> . 0.55+0.01
fo=f_+ 92.4 MeV
fre="Fy+ 113 MeV
m_=(m_++m_o)/2 138 MeV
My = Myo 498 MeV
m, 548 MeV
Ay 22 wf,
> Qi 0.25+0.10
AY 340+ 40 MeV
m,+my (1 GeV) 12+2.5 MeV
> m. (1 GeV) 150+ 25 MeV
> (qq) HV: (—235+25 MeV)?, NDR: (—245+ 15 MeV)?
> (asGGl7) HV: (330+5 MeV)* NDR: (333 MeV)*
> M HV: 195722 MeV, NDR: 195 13 MeV

renormalization scale stability of the central value once thevalue and the dispersion of values around it. This statistical

perturbative running of the quark masses and the quark coranalysis yields

densate is taken into account.
In what follows, the model-dependent parametdts

(asGG/m)and (qq) are uniformly varied in their given

e'le=(2.2+0.8)x10 3. (5.1

A more conservative estimate of the uncertainties is obtained

ranges(flat scanning while the others are sampled accord- 5 the flat scanning of the input parameters, which gives

ing to their normal distributiongsee Table Il for the ranges
used. Values ofe’/e found in the HV and NDR schemes
are included with equal weight.

0.9X10 3<Ree’/e<4.8x10 2. (5.2

For a given set, a distribution is obtained by collecting theln both estimates a theoretical systematic error-&0% is

values ofe'/ein bins of a given range. This is shown in Fig.

included in the fit of theCP conserving amplitudes, and

6 for a particular choice of bins. The final distribution is A,.

partially skewed, with more values closer to the lower end The stability of the numerical outcomes is only margin-
but a longer tail toward larger values. However, because thelly affected by shifts in the value d

» due to NLO

nty

skewness of the distribution is less than one, the mean anchiral corrections[36] and by additional isospin breaking

the standard deviation are a good estimate of the centraffects[37—39. Any effective variation of()

a4ty IS anti-
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FIG. 4. Bounds on the Wolfenstein parametgs(l—)\ZIZ) and;E(l—)\ZIZ) and distribution of Im\; according to Parodgt al. for
the input parameters in Table II.

correlated to the value dix;G G/ )obtained in the fit ofA,.  cients have to be run down at scales that are at the limit of

We have verified that this affects the calculationByf and ~ the applicability of the renormalization-group equations.

the consequent determination of Nyin such a way to com- Moreover, the matching itself suffers of ambiguities that

pensate numerically in'/ the change of),, , . Waiting have not been completely solved. For these reasons we have

for a confident assessment of the NLO isospin violating efinsisted all ~ along that the approach is semi-

fects in theK — 77 amplitudes, we have used for, , , the ~Phenomenological and that the above shortcomings are to be

“O” value quoted in Table II. T absorbed in the values of the input parameters on which the
The weak dependence on some poorly-known parametef§ 0 the CP conserving amplitudes is based.

is a welcome outcome of the correlation among hadronic

matrix elements enforced in our semi-phenomenological ap-

proach by the fit of the\| =1/2 rule. VI OTHER ESTIMATES

We have changed the central valuenaf from 1.4 GeV, Figure 7 summarizes the present status of theory versus
the value we used ifil7], to 1.3 GeV in order to make our experiment. In addition to our improved calculatitand an
estimate more homogeneous with others. This change affecfisdependent estimate similarly based on #@M), we have
the determination of the ranges of the model parameterseported five estimates af' /e published in the last year.
mainly increasing(qq), via the fit of theCP conserving Trieste’s, Minchen's and Roma’s ranges are updates of their
amplitudes. The central value of/¢ turns out to be affected respective older estimates, while the other estimates are al-
below 10%. together new.

While the yQM approach to the hadronic matrix elements The estimates reported come from the following ap-
relevant in the computation of'/e has many advantages proaches:
over other techniques and has proved its value in the predic- Munchen’s[40]: In the Minchen approackphenomeno-
tion of what has been then found in the experiments, it has fgical 1N) some of the matrix elements are obtained by
severe short-coming insofar as the matching scale has to Higting the A1=1/2 rule atu=m.=1.3 GeV. The relevant
kept low, around 1 GeV and therefore the Wilson coeffi-gluonic and electroweak penguin operaté@s) and(Qsg),

glegs Q4 Q5 Q6 Q7 Q8 Q9 QIO All Q3 Q4 Q5 Q6 Q7 Q8 Q9 QIO Al
3| ® 3 W
HVNDR HVNDR
FIG. 5. Contribution toe’/e
2 2 (in units of 10 3) of each penguin
operator in the HV and NDRys
1 1 schemes. The figure on the left
(right) corresponds tou=0.8
0 0 (10) GeV.
Q3 Q4 Q5 Q6 Q7 Q8 Q9 QIO Al Q3 Q4 Q5 Q6 Q7 Q8 Q9 QIO Al
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08 1.3 1.7 2.1 2.5 29 3.3 34 3.8 42 4.6 ral loops and that arising from the short-distance analysis.
0.08 The renormalization scheme dependence remains and it is
Skewness = 0.9 included in the final uncertainty. Th&l =1/2 rule is repro-
0.06 Median = 2.1 duced, but the presence of the quadratic cutoff induces a
Mean =22, =08 matching scale instabilitywhich is very large foBy). The
0.04 NLO corrections to{Qg) induce a substantial enhancement
of the matrix elementright range in Fig. Y compared to the
0.02 leading order resulfleft). The dark range is drawn for cen-
tral values ofmg, Q. ,, Im\{ andAqcp.-
0 Dubna’s [22]: The hadronic matrix elements are com-

08 1.3 1.7 2.1 25 29 33 34 3.8 42 4.6 puted in the Einstein NJKENJL) framework including chi-

ral loops up toO(p®) and the effects of scalar, vector and
axial-vector resonancesBf, and therefore Im,, is taken
from [15].) Chiral loops are regularized via the heat-kernel
method, which leaves unsolved the problem of the renormal-
ization scheme dependence. A phenomenological fit of the
Al=1/2 rule implies deviations up to a factor two on the
ﬁ@llculated(QG}. The reduceddark range in Fig. 7 corre-

FIG. 6. Distribution of values o&'/e (in units of 10 ). Nor-
malized bins are plotted against the values bfe of each bin.

remain undetermined and are taken around their leadiNg 1/
values(which implies a scheme dependent resuh Fig. 7
the HV (left) and NDR(right) results are shown. The darker
g;gﬁq52:5?;%%2?@Jiiu:ra?fsigﬁﬁagpng@?én:zgg the Inpsponds to takin.g the central \{alues of the NLO chiral cou-
Roma’s[41]: Lattice cannot provide us at present with PiNgs and varying the short-distance parameters.
reliable calculations of thé=0 penguin operators relevant 1 aiPei's [44]: Generalized factorization represents an at-
to ¢'/e as well as of thd =0 components of the hadronic tempt to parametrize th_e had_ronlc matrix elements_ in the
matrix elements of the current-current operatGuenguin framework of factorl_zatlon withouta priori assumptions
contractiony which are relevant to thal =1/2 rule. This is [45]. Phenomenolog!cal parameters are _mtroduced to ac-
due to large renormalization uncertainties, partly related té:ount' for non-factorizable effect§. Experlmental da’ga are
the breaking of chiral symmetry on the lattice. In this re- used in order to extract as much mf_ormatlon as possible on
spect, very promising is the domain-wall fermion approachth,e non-factorizable para.meters.. This approach has peen ap-
[42] which allows us to decouple the chiral symmetry from Plied to theK— 7 amplitudes in Ref[44]. The effective
the continuum limit. On the other hand, present lattice calVilson coefficients, which include the perturbative QCD
culations computeK — 7 matrix elements and use lowest "Unning of the quark operators, are matched to the factorized
order chiral perturbation theory to estimate the: = am-  Matrix elements at the scalg- which is arbitrarily chosen in
plitude, which introduces additiongand potentially large fthe perturbatn_/e regime. A residual s_cale dependence remains
uncertainties. In the recent Roma re-evaluatiors Ofc, Bg in the_pengum matr!x elements via the quark mass. The
is taken at the VSA result varied by a 100% error. The esti&nalysis shows that in order to reproduce fie=1/2 rule
mate quotes the values obtained in typschemegHV and ande'/e sizable non-factorizable contributions are required

NDR). The dark(light) ranges correspond to Gaussidiat) both in the current-current and the penguin matrix ele_ments.
scan of the input parameters. However, some assumptions on the phenomenological pa-

Dortmund's[28]: In recent years the Dortmund group has rameters andd hocsubtractions of scheme-dependent terms

revived and improved the approach of Bardeen, Buras antf the Wilson coefficients make the numerical results ques-

Gerard[43] based on the N expansion. Chiral loops are tionable. In addition, the quoted error does not include any
regularized via a cutoff and the amplitudes are arranged in ahort_—d|stzf1nc?] ur:jcerktall_m;[]y. g .
p2"/N expansion. A particular attention has been given to the, 111este’s The dark(light) ranges correspond to Gaussian

matching procedure between the scale dependence of the cI(ﬁl—at) scan of the input parameters. The bar on t_he Ieft corre-
sponds to the present estimate. That on the right is a new

estimate[46], similarly based on thg QM hadronic matrix

6 elements, in which however'/¢ is estimated in a novel way
Diibiia. by including the explicit computation afin the ratio as op-

4 | Miinchen Roma ) posed to the usual procedure of taking its value from the
S Taipei Yaleneia experiment. This approach has the advantage of being inde-
X 2 l pendent of the determination of the CKM parameters\jm
% l I | | l i and of showing more directly the dependence on the long-

0 ! | l Lund distance parametdy as determined within the model. The

Dortmund Trieste difference(around 10% between the two Trieste's estimates
2 corresponds effectively to a larger value of iy as deter-

mined frome only, with respect to Eq(4.8).

FIG. 7. Theory vs experiment in the year 2000. The gray band is Valencia’s[30]: The standard model estimate given by
the average experimental result. See the text for details on the vaRallante and Pich is obtained by applying the FSI correction
ous estimates. factors obtained using a dispersive analysis in the manner of
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Omnes-Mushkelishvili[47] to the leading(factorized 1/N VIl. CONCLUSIONS
amplitudes. The detailed numerical outcome has been ques- . . ,
tioned on the basis of ambiguities related to the choice of the 1T hel_E;efgﬁgt alnYaIysE uhpd?tes dour 19tg(71 esttlrphate R;e

subtraction point at which the factorized amplitude is taken, 7 '-10 [17], which already pointed out the poten-

[48]. Large corrections may also be induced by unknowntial relevance of non-factorizable contributions and the im-

local terms which are unaccounted for by the dispersive rePortance of addressing bo@P conserving and violating
summation of the leading chiral logs. Nevertheless, thélata for a reliable estimate ef/e.

analysis of Ref[30] confirms the crucial role of higher order 11 increase in the central value is due to the update on
chiral corrections fors'/s, even though FSI effects alone the experimental inputémainly Vyp/Vcp). The uncertainty

leave the problem of reproducing tie = 1/2 selection rule 'S réduced when using the Gaussian sampling, as opposed to
open P P 9 the flat scan used in Ref17]. On the other hand the error
Lu.nd's [49]: The Al =1/2 rule andBy have been studied obtained by flat scanning is larger due to the larger system-
in the NJL framework and N expansion by Bijnens and gtic uncgrtainty {-30%) used in the fit of th€P conserv-
Pradeg29] showing an impressive scale stability when in- "9 amphtucrj]es. . he lead .
cluding vector and axial-vector resonances. A recent calcu- Among the corrections to the lea mg\!l(fa_ctonzed re-
lation of¢'/e at the NLO in 1N has been performed in Ref. sul, F_SI play a crucial role in the det_ermmr_;ltlon of the gluon
[49]. The calculation is done in the chiral limit and it is PEN9UN matrix elements. Recent dispersive analysess of

eventually corrected by estimating the larg8si(3) break- 77 amplitudes S_hOW hOW. épartia) resummatlon of F.SI

ing effects. Particular attention is devoted to the matchindcréases substantially the size of tre0 amplitudes, while
between long- and short-distance components by use of tiightly affecting thel =2 component§30—33. On the other
X-boson method50,51). The couplings of théX bosons are hand_,_the precise size of the e_ffect dep(_ands on boundary
computed within the ENJL model which improves the high_cpndltlons of the factorized amplitudes which are not unam-
energy behavior. Thé\l=1/2 rule is reproduced and the b|gu.0usly '.‘”.OW”[48’55- .

computed amplitudes show a satisfactory renormalization Finally, itis worth stressing that FSI by themselves do not

scale and scheme stability. A sizable enhancement oDthe 2ccount for the magnitude of t@P conserving decay am-
matrix element is found which brings the central value ofPlitudes. In our approach a combination of non-factorizable
¢'/e at the level of 3K 10 3. soft-gluon effectdat O(p?)] and FSlI(at the NLO makes

Cutoff based approaches should also pay attention tgOSSible to reproduce thal=1/2 selection rule. In turn,
higher-dimension operators which become relevant fof€auiring the fit of theCP conservingK — m decays allows

matching scales below 2 Gel62]. The calculations based for the determination of the “non-perturbative” parameters
on dimensional regularization may avoid the problem if phe-°f the xQM, which eventually leads to the detailed predic-

nomenological input is used in order to encode in the hadlion of e'/e. Confidence in our final estimate @f /e is
ronic matrix elements the physics at all scales. based on the coherent picture of kaon physics which arises

Other attempts to reproduce the measuséid using the from the phenomenological_ determinatiqn of the model pa-
linear o-model, which include the effect of a scalar reso-ameters and the self-contained calculation of\i=1 and
nance withm,=900 MeV, obtain the needed enhancement? hadronic matrix elements.
of (Qg) [53]. However, theCP conservingl =0 amplitude
falls short the experimental value by a factor of two. With a
lighter scalar,m,=600 MeV theCP conservingl =0 am-
plitude is reproduced, but' /e turns out more than one order ~ We thank F. Parodi and A. Stocchi for their help in the
of magnitude larger than currently measuféd]. determination of Im\; and for Fig. 4.
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