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Abstract

The calculations of isotopic amplitudes and their results for the direct CP-violating
charge asymmetry in K* — 37 decays within the nonlinear and linear (g-model)
chiral Lagrangian approach are compared with cach other. It is shown, that the
latter, taking into account intermediate scalar resonances, does not reproduce the
p*-corrections of the nonlinear approach introduced by Gasser and Leutwyler, being
saturated mainly by vector resonance exchange. The resulting differences concerning
the CP violation effect are traced in some detail.
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The purpose of this short note is to clarify further the model-dependence of var-
ious predictions concerning the manifestation of direct CP violation in the charge
asyminetry of K'* — 37 decays. Estimates for this charge asymmetry have been
given in the soft pion limit [1], resulting in rather small effects. Ouly after taking into
account higher orders of chiral perturbation theory, a large value for |Ag| in relation
to Re(e'/e) has been derived in [2], which has been met with some criticism [3-6)
(see also the discussion on the Joint Lepton Photon and Europhysics Conference,
Geneva 1991 [7]). After a reformulation of the hosonization prescription (8], and a
more detailed investigation of the origin for the enhancement, a (slightly corrected,
sce below) new result for |Ag|/ Re(g’/c) has been given in [9)].

The effects of CP-violation to be observed appear from interfering amplitudes with
different quantum numbers. In K'* — 37 decays (as opposed to K'* — 27, where only
two amplitudes with isospin changes |AI| = 1/2 and |AI| = 3/2 interfere) there is
possible an additional contribution from the interference of two different amplitudes
both with |AI| = 1/2. In the soft-pion limit this additional contribution becomes
zero, and only interferences of amplitudes with |AI| = 1/2 and 3/2 can contribute to
the charge asymmetry Ag in this limit. However taking into account p*-corrections
and rescattering of mesons strongly modifies the soft-pion amplitudes and leads to a
large value for this contribution, increasing the charge CP-asymetry in K+ — 37
compared to old estimates in the soft-pion approximation [1].

In view of the great importance of possible direct CP-violation effects other than
those intensively investigated in K{  decays, it is certainly worthwhile to compare
the prediction with those found in other models and to trace possible differences. In
recent papers [10], Shabalin investigated the charge asymmetry in K% — 37 decays
in the framework of a linear o-model, using the same ansatz for the weak interaction
Lagrangian on quark level [11] as used in our papers [2,9]. The result of [10] differs
from ours [9] by a factor 10 + 20. The origin of this discrepancy can be traced,
by a straight forward comparison of both calculations, to the different treatment
of the higher order corrections in both models, despite their practical equivalence
with respect to the description of other data on KN-decays, and rough numerical
agreement in many intermediate parameters. We shall not enter a discussion of the
absolute size of CP-violating effects, which have been investigated in detail by [12],
restricting ourselves to a consideration of the relation between the charge asymmetry
in K* — 37 and Re(&'/e) as measured in Ky — 27 experiments.

The effective Lagrangian describing nonleptonic weak interactions with strangeness
change |AS| =1 is given on the quark level by [11,13):

,/n//l Ty

6
hum = @M«... G.. . AHV

Here G = V2 Gy sinfe cosf is the weak coupling constant; ¢; are Wilson coefficient
functions; O; are the four-quark operators consisting of products of left- and/or right-
handed quark currents. In the present paper we will use the operators O; in the
representation of Shifinan- Vainshtein Zakharov [11]. The bosonized Lagrangian of
nonleptonic four--quark weak interactions (1) and the corresponding meson currents
can be obtained by the functional method using the generating functional for Green
functions of quark currents introduced in [14] and [8]. In such an approach the quark
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where ® = 6 +17; 6 and 7 are matrices of nonets of scalar and pscudoscalar mesons;

do = Q_mf M is the mass matrix, which gets in the approximation n? = m§ the form

~ 1 : . 2,

M = — (2w} + m?)Ag — —=(m?

V3 V3

The paramecter ¢ can be expressed throngh the masses 1, and my and the 7, K — uv
decay constants F; j:

- —m2)As.

mi —m?

T AFNFy[F, - D)2F [F, - 1)

c

the constant A is counected to the quark condensate, and the value of the parameter
€ = —0.225 is fixed from the Koy decay form factors. The (V — A) and (S — P)
meson currents originating from kinetic and mass terms respectively of the effective
Lagrangian (8) and used in [10] are

.\2.,.;.- — mn—.A\/:QIAV 9+v , va

Lp

i 2Fyin?
.NA‘::Y. - /\I oIty -A>=ev . AU—OV
my + my
The penguin diagrams give a contribution to the effective weak interaction pro-
portional to the |AI| = 1/2 operator *

a ya Fier ] .
Os = diyu st | Y. anr" Mgn | 25 -4 diqr " qr sL.

q=ud,s q

We can find all the meson matrix clements of gy, ¢, for example, using a modified
version of the QC'D Lagrangian in which the quarks are coupled to external U (3)L x
U(3)r gauge ficlds, and the quark mass term is replaced by

Yomlaq =Y Kl )qn gy + hec.,
v

a4’

where s(x) is an arbitrary space-time dependent 3 x 3 matrix of external ficlds (sce
the detailed discussion in [16]). In this approach the quark mass my is replaced by the

scalar source Kyq () for the quark density. The meson matrix element of the operator
Os is found by replacing the quark density J ._i = ¢y, ¢ by the meson scalar current

.NM..; = m. < qq > UJ, generated from the chival symmetry breaking part of the meson
Lagrangian. Then

1 ;
< ﬁv«. S>mes= |M <4qq VN M N\..EN.N.M—..\ =0
.\

*The contribution of the operator O is small and is therefore neglected |

)

because UU+ = 1, therefore (UU+),y = 0. This poses a problem for the naive penguin
treatment in the chiral Lagrangian language: on quark level in the simple vacuum
incertion approximation the meson matrix element Oy does not disappear.

To solve this problem, in ref.[16] the new additional symmetry breaking term
~ tr moD*U was added to the chiral symmctry breaking part of the cffective meson
Lagrangian (2). This new term leads to nonzero meson matrix elements of the pen-
guin operator Os due to the appearence of the additional contribution to the scalar
density ~ tr 9*U. This additional contribution automatically arises in [8] from the ki-
nctic term of the effective Lagrangian (2) via the replacement pU+ — pU+ - 21(z),
corresponding to the redefinition of the scalar and pseudoscalar external fields (6).
The term ~ tr 9*U in the bosonized scalar density was used in [17,19] and in our
calculations [2,9]. Concerning the problem of the chiral bosonization of penquin op-
erators in the linear o-model, one should pay attention to the fact that in this case
(®9%).4 # 0 and the (S — P) current (10), generated by the mass term of Lagrangian
(8), already ensures the nonzero value of the meson matrix element Os. Nevertheless,
it is obvious that the contribution ~ t- 3@ to the (S ~ P) current must arise also in
the same way from the kinetic part of Lagrangian (8) after redefinition of & and #
ficlds. However, the corresponding contribution was not considered in ref.[10].

The K* — 3r decay amplitudes can be parametrized using isospin relations as

(20]

Trtartntn- = 2(An + Aia) = Y (Byy + By — Byy) + o(Y?),
(A + Ay + Y (B, + Bis + Bys) + O(Y'?), (11)

Il

N,><+ —m0n0nrt

where Y = (s — s9)/m? is the Dalitz ariable and s, = (k — P, so = m¥ /3 + m?;
k, pi are four-momenta of the kaon and ith pion (i = 3 belongs to the odd pion). The
Dalitz-plot distribution can be written as a power series expansion of the amplitude
squared, |T|2, in terms of the corres ling kinematical variables ¥ and X
squared, , s of the corresponding kinematical variables ¥ and )

ITI* <1+ gY + ...

The isotopic amplitudes Ajy, By of K — 3x decays have two indices: T , the isospin
of the final state, and J, the doubled value of isospin change between the initial and
final states. It is customary in anology to the 2r-system to introduce strong phase
shifts «y, gy and /3, corresponding to the relevant isospin states I = 1, (symmetric),
I =1,, (mixed symmetric), I =2 by writing

A+ Ais = (e + a) e, Biy+ By = (b + byy) ¢, Byy = byy e,

We shall use this representation here only in order to display more cleary the rela-
tionships between the main contributions to the direct CP-violation effect and for
the comparision with calculations in other papers. Because the strong Hamiltonian
is not necessarily diagonal with respect to the I = 1,,T = 1,, isospin states and, if
isospin breaking is included, even I =1 and I = 2 states get mixed, leading to the
necessity of introducing more phases, the exact ealeulations of Ag(K'* — 3r) have to
be done using the complex quantitios Ay, By, given helow by (12) directly, without
introducing the strong phases ay. 4y, explicitly.
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with intermediate scalar resonances. For the further discussion and comparison with
the predictions of the nonlincar Lagrangian approach it is convenient to present
the results of the calculations of K — 31 decay isotopic amplitudes of ref.[10] in a
numerical form similar to Table la. The corresponding isotopic amplitudes in the
soft pion limit and the results of suceessive inclusion of p'-corrections generated in
the lincar o model by scalar resonance exchange are given in Table 1b. To present
numerically the contributions of the penguin operator Qg we use the fact that the
parameter f = 2my/{(m, + m)*(m? — mn?)] = 8.15, introduced in ref.[10], can
be assumed to be equal in our notations to the parameter —R ~ 5.6 defining the
contribution of the hosonized scalar density (7). §

The quantitics AN/ AU/2312) 4,4 A'0/2.3/2) corresponding to the definitions
of ref.[10], can be estimated after the replacement & — ¢; in ¢qs.(15). Using the
phenomenological relations for the Wilson cocfficients of ref.[10]

Aﬁ..|a~| .l«...v“luw..w. Cy

0.328, () —cy—c3+40cs) = ~10.13 (17)

one can fix the parameters (¢ = ¢, — ¢4), ¢y and 43¢5 and obtaines for AW/21/2)
AUNTEI and A'072312) ghe values which are also given in Table 1a.

The comparison of Tables 1a and 11 shows that the p" contributions owing to the
Li-terms of the nonlinear Lagraugion (2) and currents (5), (7) both quantitatively
and qualitatively differ from p* corrections generated within linear o-model by scalar
resonance exchange. In the nonlinear Lagrangian approach the p*-corrections increase
the amplitudes A}, AW B, BYY and deerease at the same time the amplitudes A!%

11>
B, B{Y in their absolute values. On the other hand, the scalar resonance exchange

increases the absolute values of the amplitudes A A BOS, B{y and decreases the
absolute values of the amplitudes A, BYY. Besides that, after taking into account
the scalar resonance exchange, the interferences A/2:1/2) and D\:\u.uwv prove to be
respectively by factors 4 and 2 less than in the nonlinear model. In consequence, not
only the effect of the enhancement of direct CP- violation by the interference A(1/2:1/2)
is found to be suppressed in the estimates of [10] but also the contribution of the
interference A'0/2.3/2) nonvanishing in soft pion limit, is suppressed by a factor 2.
The relative contribution of penguin and non ‘penguin operators in the linear o-
model [10] is determined by the ratio des[(e) = ¢y — ¢3) = 2.5, showing, that about
80% of the observed amplitudes of [A]| = 1/2 transitions in nonleptonic kaon decays
is attributed to the contribution of the penguin operator Oz, On the other hand the
parameters § (16), fixed from the analysis of K — 27 and K — 37 experimental
data, lead in the nonlincar chiral Lagrangian approach to the ratio 4RE5 /€123 = 0.58.
This ratio agrees with the results of our previons phenomenological analysis [2], where
it was shown that the contribution of the penguin operator is less 40% of the exper-
imentally measured amplitudes of |AT| = 1/2 transitions. These estimates confirm
the results of a consistent analysis of the [AI] = 1/2 rule by Buras et al, [17,18]
which was done in the nonlincar chiral Lag angian approach with Wilson coefficients
calculated in leading log approximation of QCD, where the contribution of penguin

$he (irrelevant) numerical diserepancy between 2 and 4 di appears, il (imy +1mq)/2 = 6 MeV resp.
5 MeV are taken for g resp. I¢ (in the text 5 Me\ is used).

operators to I — 21 decays was estimated to he smaller then nonpenguin contri-
bution within a wide range of the renormalization scale ft (sce also the analysis of
Wilson coefficients beyond leading logarithims in ref.{12]). If one uses the parameters
€ (16), instead of ¢; (17) to estimate the interference AM/2.1/2) 3y the linear o-model,
taking into account scalar resonance exchange, the value AV/21/2) = 108.5Iin ¢5 will
be obtained. This fact demonstrates that the estimates of the interference A(1/2:1/2)
are very sensitive not only to the difference of the dynamical behavior of penguin
and non-penguin amplitudes at O(p*) level but also to their relative contributions to
[AI| = 1/2 transitions. In the case, when |AT] = 1/2 transitions are dominated by
the contributions of the penguin operator, the interference A/2U2) becomes largely
suppressed.

In this way it appears, that in the framework of [10] the interference term AG/2:1/2)
which is mainly responsible for the enhancement of the charge asymmetry, is lower
by a factor ~ 4 (as compared to [9]) already in Born approximation. The reason
for this discrepancy has heen discussed in some detail above. There is an additional
enhancement of A/212) hy o factor 3 from contributions of meson loops to the real
parts of isotopic amplitudes (see [9]). (In [10] only the absorptive parts of meson
loops have been calenlated). As a vesult, our value for the charge asymmetry Ag in
K% — 37 deenys [9] should be abont 12 times larger then that estimated by [10],
whereby the discrepancy can he explained by the fact, that in the latter case by using
a linear o-model other corrections of order p" are considered, and by a more complete
treatment of loop corrections in the first

We leave aside a detailed discussion of the (strong) phase differences between
isotopic amplitudes, whiclh appear after the calenlation of meson loops. As they are
determined by the ratios of imaginary and real parts of amplitudes, a modification
of the latter may be important and should he taken into account. In our case the
phases have been extracted from direct caleulations of one loop diagrams, using
superpropagator regularization. Results of analogous caleulations for Iy — 27 decays
[21] are in agreement with Kambor et al. [22], where for the regularization of UV -
divergences the usual method of introducing counter terms into the Lagrangian was
used. We should mention, that in the latter paper also sizeable imaginary parts for
the amplitudes /7 (see Table 2, loc cit.) are found by the loop salculation, but the
resulting phases are then suppressed by the choice of counterterms, making their
perturbative approach - as the anthors themselves remark somewhat problematic.
Of course it would be inter sting to fix them directly from experimental data, but
this was not possible until now neither in our fit nor in other work.

Concerning the lincar o-model in general, it was demonstrated by Gasser and
Leutwyler [15], that it has the correct chiral structure, but a wrong phenomenology
at the next-to-leading order in the chiral expansion for any value of the scalar reso-
nance mass (sce also the eriticism of the incar o model by Meissner [23] and lectures
by Ecker [24] and Pich [25]). The p' corrections generated by scalar resonance ex-
change in the lincar o model are not cquivalent to the p'-corrections related to the
L; terms of the nonlinear Lagrangian (2) aud the currents (9), (7). It was shown by

YThe difference of the estimates of rel[9] with respect to the one given carlier [2]) (less than a factor
2) is due to the effect of (", 1, ') mixing, formely not taken into account completely. On the other
hand this suppression is compensated by a lavger mass of the ¢ quark my > 100 GeV by the additional
(relative) enhancement effect arising from contributions of the clectroweak penguin operator Og.
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Table 1: Comparison of the k' — 3r isotopic amplitudes, culculated in non-lincar
and linear chiral Lagrangian approaches (Born approximation)

a) Nonlinear chiral Lagrangian approach (9]

Soft--pion limit Inclusion of pt -corrections

O, O, 0, Oy O

Re A, -1.00 -22.42 -1.22 -19.22
Re By, -1.00 -22.42 -0.70 -30.45
wn\ﬂ_u 1.00 HMN
Re B,y -1.07 -0.91
Re B, G6.93 7.39

AG72072) 0 165.4 I ¢5

A/23/2) 22.5 I ¢4 26.4 Iin ¢5

A'(1/23/2) 74.9 Im ¢4 73.2 I ¢

b) Lincar o maodel [10]

Soft -pion limit Inclusion of p* -corrections

0, 0, O; 0, 0, Os

Re A, -1.00 -22.42 -1.80 -19.28
Re By, -1.00 -22.42 -1.63 -26.19
—.?..h_u 1.00 Hmc
ReByy -1.25 -1.78
Re hwuu 6.75 6.22

A72172) 0 45.6 I ¢5

AN/2372) 15.2 I ¢y 26.7 Im ¢5

A'0/23/2) 49.6 I ¢ 39.3 Im ¢35




