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Meson-cloud contributions in K˜p weak transitions
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Contributions of low-energy ‘‘eye’’ and ‘‘figure-eight’’ quark diagrams to theK→p weak transitions are
studied in a hadron-level phenomenological approach in which they originate from meson-cloud effects. If
contributions from cloud mesons exhibit SU~6! symmetry, only the ‘‘eye’’~low-energy penguin! diagram is
nonvanishing. When the symmetry between contributions from intermediate pseudoscalar and vector mesons is

broken, theDI5 1
2 (DI5 3

2 ) amplitudes are enhanced~suppressed!. The overall long-distance-induced en-

hancement of the ratio of theDI5 1
2 amplitudes over theDI5

3
2 amplitudes is estimated at around 2.@S0556-

2821~96!03413-3#

PACS number~s!: 13.25.Es, 11.30.Hv, 12.40.Yx
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I. INTRODUCTION

After almost 40 years since the discovery of th
DI51/2 rule in strangeness-changing weak hadronic deca
its origin still eludes our understanding~for a recent review
see Ref.@1#!. The dominance of theDI51/2 amplitudes over
those withDI53/2 requires a significant enhancement of th
former and/or suppression of the latter. While for nonlep
tonic baryon decays at least part of the effect stems from t
Pati-Woo theorem@2#, according to which the symmetry of
baryon wave functions ensures the vanishing of th
DI53/2 amplitude, no such symmetry-based mechanism
available for kaon decays.

The required effects can be obtained to some extent fro
perturbative QCD. Short-distance QCD corrections modif
the effective weak Hamiltonian and lead to an enhanceme
of theDI51/2 ~suppression of theDI53/2) operators@3#. In
addition, a new purelyDI51/2 mechanism — the so-called
penguin operator — appears. Its contributions add constru
tively to those of standardDI51/2 operators. Detailed stud-
ies @4# show, however, that the original claim of a large
penguin contribution is incorrect. This contribution remain
small even if one takes into account the increase, over t
value quoted in Ref.@5#, of the real part of the penguin
Wilson coefficient due to the incomplete Glashow
Iliopoulos-Maiani~GIM! cancellation above the charm quark
mass@6#.

Dropping the so-called Fierz contributions~which has
been argued to be justified in the 1/N expansion@7#! does
help a little, but a large discrepancy still remains@1#. In fact,
for consistency with the spirit of the 1/N expansion, the Fierz
terms should be considered along with nonfactorizable term
of the same order. Starting from an effective chiral Lagran
ian, such subleading 1/N contributions have been calculated
in Ref. @8# as nonfactorizable pseudoscalar meson loop co
rections toK→2p. Their contribution has been found to be
of the same order as that of the genuine factorizable terms.
Ref. @1# the following effects are mentioned as contributing
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to the subleading terms of the 1/N approach: the Fierz-
transformed contributions, final-state interactions, low-
energy ‘‘eye’’ graphs, and soft gluon exchanges between two
quark loops in ‘‘figure-eight’’ graphs.

Because of the long-distance nature of the last three
mechanisms, their evaluation from the first principles of
QCD is possible on the lattice only. In practice it is the
K→p matrix elements that are more amenable to such cal-
culations. From these, theK→2p amplitudes are then ob-
tained by means of current algebra. Within very large statis-
tical and systematic uncertainties the lattice calculations@9#
support theDI51/2 enhancement and indicate that the
purely DI51/2 ‘‘eye’’ graphs dominate over the ‘‘figure-
eight’’ graphs.

The contribution from the ‘‘eye’’ and ‘‘figure-eight’’
graphs of the quark-level description must be contained in
the meson-cloud~or unitarity! effects of the hadron level~as
these include all confinement effects; see also Ref.@10#!. In
fact, it has been found repeatedly by many authors that such
meson-cloud effects are very important in many areas of
hadron physics, improving the predictions of the standard
quark model. For a unitarity-oriented view of hadron spec-
troscopy see Refs.@11–13#. Meson-cloud effects have also
been found to be instrumental in several other places@14,15#.
Consideration of their effects in weak nonleptonic hyperon
decays yields an explanation of the deviation of thef /d ratio
from the naive valence quark model value of21 to its ob-
served values of about22 @16#. It is therefore of great in-
terest to perform a similar phenomenological analysis of
meson-cloud effects inK→2p decays to see whether and
how they may help to explain relative sizes of the relevant
DI51/2 andDI53/2 amplitudes. In this paper an analysis of
this type is carried out. We study theK→p transition matrix
elements and show in detail how hadron-level effects from
various two-meson intermediate states contributing to these
transitions build up the ‘‘eye’’~low-energy penguin! and the
‘‘figure-eight’’ diagrams of the quark level. An estimate of
the absolute size of the total hadron-level-induced contribu-
tion to theA1/2/A3/2 enhancement is also given.

II. HADRONIC LOOP CONTRIBUTIONS
TO THE K˜p TRANSITIONS

The effect of pseudoscalar meson loop contributions to
K→2p was studied in a dispersion relation framework@14#
907 © 1996 The American Physical Society
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908 54P. ŻENCZYKOWSKI
and in a chiral approach@8,17#. In a more phenomenologica
way such meson rescattering final-state interaction~FSI! ef-
fects are discussed in Ref.@18#. In this paper we are con
cerned with meson loop~hadron sea! effects inK→p tran-
sitions themselves~see Fig. 1!. If only ground-state mesons
are permitted in the loop, at least one of them must b
vector meson ~the allowed intermediate states a
M1M25PV, VP, and VV) (P denotes pseudoscalar, an
V vector mesons!. Although all these two-particle states a
much heavier than thePP ones that were considered in Ref
@8,14,17,18#, their contribution is expected to be significa
as evidenced by estimates of their effects in hadron spect
copy @11,13#. A transparent way to include both pseudosc
lar and vector mesons in the intermediate state is to use
eral ideas of the unitarized quark model of Ref.@11#.

What we want to estimate here is, in essence, the con
bution from virtual two-meson continuum states admix
into the wave functions of the standard quark model. W
shall disregard the virtual states composed of charmed
sons as such states lie much higher~by about 2 GeV! than
those built of light flavors.

In the unitarized quark model the mass shifts due the
fluence of virtual two-meson states are calculated fr
@11,19#

ReP i j ~q
2!52

1

pEthr
` ImP i j ~s8!

q22s8
ds8, ~1!

where, forP → PV, VV → P loops, one has

ImP i j ~q
2!52giM 1M2

gjM 1M2

kM1

Aq2
kM1

2 FiM 1M2
~q2!

3F jM 1M2
~q2!, ~2!

where g denotes coupling constants andF(q2) hadronic
form factors.

One can always perform a subtraction atq250 and con-
sider the constant term in Eq.~1! to be absorbed into the bar
mass so that the resulting pseudoscalar meson mass is s
The shift function

ReP i j ~q
2!52

q2

p E
thr

` ImP i j ~s8!

s8~q22s8!
ds8 ~3!

then takes into account those contributions from intermed
virtual two-meson states that vanish atq250. Estimates of
the size of the hadron-level effects depend mainly on
choice of hadronic form factorsF. One expects the dominan

FIG. 1. Weak transition in hadronic loop.
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contribution to come from the nearest-lying thresholds, i.e.,
from the PV1VP intermediate states. The relevant form
factor squared is then

FP,PV
2 ~s!5

s

mV
2 G

2~s!, ~4!

wheres/mV
2 is a Lorentz boost factor resulting from the phe-

nomenological form of the interaction Lagrangian~see Ref.
@19#!:

T5gPP8VGem~pP2pP8!
m. ~5!

Model dependence of the estimates of the size of hadronic
loop effects is mainly through the assumed shape ofG(s). In
the unitarized quark model one accepts the form

G2~s!5expF2S k

kcutoff
D 2G , ~6!

wherekcutoff describes the~harmonic oscillator! meson size:
RM5A6/kcutoff .

For P→VV transitions one uses in the unitarized quark
model the form@19#

FP,VV
2 ~s!5G2~s!. ~7!

In the approach of Ref.@11# the admixture probability
ucM1M2

u2 of the uM1M2& two-particle state relative to the

‘‘pure’’ quark-model state for mesonM is given by@20#

ucM1M2
u25L~M→M1M2!@Tr~FM

† FM1
FM2

!

1CMCM1
CM2

Tr~FM
† FM2

FM1
!#2, ~8!

where, for ground-state mesonsM1M2 , we have

L~M→M1M2![q2l ~M→M1M2!

[q2S~M→M1M2!I ~M→M1M2!

[q2S~M→M1M2!
1

p

f 2

p

3E
thr

`~k3/As8!FM ,M1M2

2 ~s8!

s8~q22s8!2
ds8, ~9!

which vanishes withq2→0 and hence is adequate for an
estimate of hadronic loop contribution to the~vanishing at
q250) matrix elements of theK→p transitions@21,22,1#.

The trace factor in Eq.~8! @FM is the SU~3! matrix cor-
responding to mesonM # givesF- orD-type flavor couplings
~see Fig. 2! depending on the sign ofCMCM1

CM2
~where

CM is the charge conjugation quantum number of meson
M ). The spin-weight factorsS(M→M1M2) are equal to
1
4 ,

1
4 ,

1
2 for (M ,M1M2) being (P,PV), (P,VP), (P,VV), re-

spectively, and they sum up to 1. The overall size of the
two-meson admixture is fixed by the size of the coupling
constantf5 f rNN55.14 @Eq. ~9!#, and by the shape of form
factors@Eqs.~4! and ~7!#.

There is some uncertainty as to at what value ofq2 we
should compare the matrix element^p(q)uHWuK(q)& with
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physical K→2p amplitude. Values fromq25mK
2 /2 to

q25mK
2 have been proposed@1,23#. We shall use

q25(mK
21mp

2 )/2'0.132 GeV2. Using mP5(mK1mp)/
250.32 GeV and mV5(mK*1mr)/250.82 GeV for
the masses of the loop mesons we obtain forI (P→M1M2)
the values given in Table I@for different values of
kcutoff50.6,0.7,0.8,0.95 GeV (RM50.80,0.69,0.60,0.51 fm!#.
For q25mK

2 the entries in Table I are larger by 5–10 %.
the unitarized quark model of Refs.@11,12# the value of
kcutoff50.7 GeV gives the best description of meson spec

Since, according to Eq.~8!, admixtures of two-meson
urp&, urh&, etc., states top meson (urK&, etc., toK) are all
to be considered, we will have to deal with theK→h tran-
sitions as well. With the Fierz terms dropped and sm
short-distance penguin contributions neglected, stand
QCD-corrected short-distance calculations give the follo
ing predictions for the amplitudes:

^p1uHwuK1&5@c12~c21c31c4!#X,

^p0uHwuK0&5
1

A2
@c12~c21c322c4!#X,

^h8uHwuK0&5
1

A6
@c12c219c3#X,

^h1uHwuK0&5
1

A3
@c115c2#X, ~10!

whereci are Wilson coefficients and

X5^p1u2~dū!u0&^0u~us̄!uK1&, ~11!

with the notation

~q1q̄2![q̄2gm~12g5!q2 . ~12!

Let us express the matrix elements of the pari
conserving part of the weak Hamiltonian between pseud
calar meson states through amplitudes of definite isospin

TABLE I. Dependence ofI (P→M1M2) on kcutoff .

R ~fm! 0.8 0.7 0.6 0.5
kcutoff ~GeV2) 0.6 0.7 0.8 0.95
I (P→PV) 0.075 0.106 0.139 0.192
I (P→VV) 0.0042 0.0061 0.008 0.011

FIG. 2. Diagrammatic representation ofF- andD-type strong
vertices.
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^p1uHwuK1&5A2

3
A1/22

1

A3
A3/2,

^p0uHwuK0&5
1

A3
A1/21A2

3
A3/2,

^h8uHwuK0&5B, ^h1uHwuK0&5C. ~13!

Using the Gilman-Wise values@5#

c1522.11, c250.12, c350.09, c450.45, ~14!

for the Wilson coefficients, we obtain, from Eqs.~10! and
~13!,

A3/2

A1/2
520.28,

B

A1/2
50.20,

C

A1/2
50.31. ~15!

The experimental value foruA1/2/A3/2u is around 22, 6 times
larger than the theoretical value from Eq.~15! (uA1/2/A3/2u 5
3.6!. When the short-distance penguin contribution is in-
cluded ~with c5'20.06) one obtains@1# uA1/2/A3/2u54.3;
i.e.,

SA1/2

A3/2
D
out

51.2SA1/2

A3/2
D
fact

, ~16!

an enhancement factor of 1.2 only. The remaining discrep-
ancy by a factor of around 5 constitutes theDI51/2 puzzle.

The hadron-sea-generated corrections to the matrix ele-
ments of Eq.~13! are due to the weak Hamiltonian acting in
one of M1 , M2 mesons. Let the meson in which such a
transition occurs be labeledM1 ~see Fig. 1!. We restrict our
considerations to the case whenM1 is in the ground state
~i.e.,M15P,V). For the sake of our discussion this should
be a reasonable approximation: Quark-antiquark annihilation
into aW boson is expected to be weaker for excited mesons.

In the normalization of Eq.~8! the contributions from the
M1M2 5 PV two-meson states~the meson undergoing weak
transition underlined for clarity! are easily calculable to be
@with SU~3! classification of amplitudes on the left#

~27!A3/2,loop522L~P→PV!A3/2,

~27!
1

A10
~A1/2,loop23Bloop!

522L~P→PV!
1

A10
~A1/223B!,

~8!
1

A10
~3A1/2,loop1Bloop!513L~P→PV!

1

A10
~3A1/21B!,

~8!Cloop50. ~17!

MesonM1 need not be a pseudoscalar meson. It may be a
vector meson as well. For weak transitions in vector mesons
we introduce notation analogous to that of Eq.~13!: The
K*→r transitions are described by amplitudesA1/2

V ,A3/2
V of
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definite isospin, etc. WhenM15V we have contributions
from VP and VV two-meson states. They are~a! for VP
diagrams,

A3/2,loop522L~P→VP!A3/2
V ,

1

A10
~A1/2,loop23Bloop!522L~P→VP!

1

A10
~A1/2

V 23BV!,

1

A10
~3A1/2,loop1Bloop!513L~P→PV!

1

A10
~3A1/2

V 1BV!,

Cloop50, ~18!

and ~b! for VV diagrams,

A3/2,loop512L~P→VV!A3/2
V ,

1

A10
~A1/2,loop23Bloop!512L~P→VV!

1

A10
~A1/2

V 23BV!,

1

A10
~3A1/2,loop1Bloop!

51
1

3
L~P→VV!S 1

A10
~3A1/2

V 1BV!24A5CVD ,
Cloop51

1

3
L~P→VV!S 24A5

1

A10
~3A1/2

V 1BV!18CVD .
~19!

Summing the contributions from allPV1VP andVV in-
termediate states we get

A3/2,loop522L~P→PV!~A3/21A3/2
V !12L~P→VV!A3/2

V ,

1

A10
~A1/2,loop23Bloop!

522L~P→PV!
1

A10
~A1/223B1A1/2

V 23BV!

12L~P→VV!
1

A10
~A1/2

V 23BV!,

1

A10
~3A1/2,loop1Bloop!

513L~P→PV!
1

A10
~3A1/21B13A1/2

V 1BV!

1
1

3
L~P→VV!S 1

A10
~3A1/2

V 1BV!24A5CVD ,
Cloop51

1

3
L~P→VV!S 24A5

1

A10
~3A1/2

V 1BV!18CVD .
~20!
If we had a fully P-V symmetric situation, i.e.,
L(P→PV)5L(P→VV)/2 andA5AV, B5BV, we would
get, from Eq.~20!,

A3/2,loop50,

1

A10
~A1/2,loop23Bloop!50,

A2~3A1/2,loop1Bloop!15Cloop50,

1

A2
~3A1/2,loop1Bloop!22C loop

512L~P→PV!S 1

A2
~3A1/21B!22CD . ~21!

Thus, we see that in the symmetry limit the two-meson
states give no contribution to the27-plet DI51/2 and 3/2
transition amplitudes. Furthermore, only one of the two com-
binations of octet (DI51/2) transition amplitudes receives
contributions from such states.

From Eqs.~10!,~13! we get

A1/25A3

2
~c12c22c3!X, A3/25A3c4X, ~22!

with similar formulas forA1/2
V , A3/2

V in which X is replaced
by XV — the factorization contribution from a weak transi-
tion in the intermediate vector meson:

XV5^r1u2~dū!u0&^0u~us̄!uK*1&. ~23!

The matrix elements of currents in Eqs.~11!, ~23! are
given by

^p1uAmu0&5 f pq
m, ^r1uVmu0&5 f r«m, ~24!

where f p50.13 GeV, f r50.17 GeV2. For the sake of the
order-of-magnitude estimate and in accordance with the
SU~3! symmetry used elsewhere in this paper we assume that
f K5 f p , f K*5 f r .
Using Eqs.~20!, ~22!, ~24! and taking into account the

fact that a weak transition may occur in any one of the two
intermediate mesons one derives
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A3/25A3/2
factH 124l ~P→PV!F q̃ 21S f r

f p
D 2G14l ~P→VV!S f r

f p
D 2J ,

A1/25A1/2
factH 11 l ~P→PV!F51

c12c219c3
c12c22c3

GF q̃ 21S f r

f p
D 2G22l ~P→VV!

c117c212c3
c12c22c3

S f r

f p
D 2J , ~25!
-
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where q̃250.132 GeV2 and (f r / f p)
251.71 GeV2. From

Eq. ~25! it is clear that contributions from transitions in in
termediate pseudoscalar mesons~corresponding to theq̃2

piece! are negligible with respect to those in intermedia
vector mesons@the (f r / f p)

2 terms#. Inserting the numerical
values of theci coefficients we get

c12c219c3
c12c22c3

50.61,
c117c212c3
c12c22c3

50.47. ~26!

Since l (P→VV)! l (P→PV) ~Table I!, one concludes that
contributions fromVV loops are much smaller than thos
from PV loops. The factor of ‘‘5’’ in the second of Eqs.~25!
is due toA @K* (K)→r(p)# amplitudes while the fraction
0.61 added to it comes fromB amplitudes. In other words the
dominant contribution to hadronic loop enhancement of t
isospin 1/2 amplitude comes from theK*→r transitions in
virtual intermediate states. Plugging in the numerical valu
into Eqs.~25! one obtains results gathered in Table II.

So far we have considered intermediate states compo
of ground-state mesons. In strong virtual deca
M→M1M2 the p wave~that must appear somewhere to en
sure parity conservation in the production ofqq̄ pair out of
the vacuum! may reside either between mesonsM1M2 or
within mesonM2 . The contributions from these two poss
bilities may be comparable. The spin-flavo
factors (@Tr(FM

† FM1
FM2

)1CMCM1
CM2

Tr(FM
† FM2

FM1
)#2

*S(P→M1M2) corresponding to the total contribution from
all possible intermediate states under consideration are g
ered in Table III.

When thep-wave excitation resides in theM2 meson, the
total contribution from theS- andD- wave two-meson states
PV* @V* 5S~scalar,JPC5011#, A~axial, 111), T~tensor,
211) mesons! is

A3/2,loop512L~P→PV* !A3/2,

A1/2,loop5L~P→PV* !
1

2
~A1/22B24A2C!. ~27!

In writing Eq. ~27! we summed the contributions from the
S andD waves by assuming that they are equal apart fro
their difference in weight. This should be a reasonable
sumption since, at small values ofq2, we are away from

TABLE II. Loop contributions to isospin amplitudes.

kcutoff ~GeV2) 0.6 0.7 0.8 0.95
A3/2
loop/A3/2

fact -0.12 -0.17 -0.23 -0.32
A1/2
loop/A1/2

fact 10.19 10.27 10.35 10.49
(A1/2/A3/2)

total 1.35 1.53 1.75 2.19
e

e

s

ed
s
-

th-

m
s-

thresholds where such differences might be important. In the
3P0 model, factorsL(P→PV* ) are given by a formula
similar to Eq.~9!.

The contributions from theVP* @P*5B ~axial
JPC5112) meson# two-meson states are

A3/2,loop512L~P→VP* !A3/2
V ,

A1/2,loop5L~P→VP* !
1

2
~A1/2

V 2BV24A2CV!. ~28!

Finally, contributions from theVV* diagrams are

A3/2,loop522L~P→VV* !A3/2
V ,

A1/2,loop5L~P→VV* !
1

2
~5A1/2

V 13BV!. ~29!

The size of contributions fromMM* states may be esti-
mated by looking at Eqs.~27!, ~28!, ~29!. If we assume that
the size ofI (P→MM* ) depends mainly on the position of
theMM* threshold~with otherwise similar shapes of inte-
grands!, we should haveL(P→VV* )'2L(P→VP* ) and
L(P→PV* ).L(P→VP* ). Then

A3/2,loop'2L~P→PV* !A3/222L~P→VP* !A3/2
V , ~30!

leading to a small resultant negative contribution toA3/2,loop

(A3/2!A3/2
V ). For theA1/2 amplitudes, on the other hand, the

dominant ~positive! contribution comes fromVV* loops
~large numerical factor of ‘‘5’’!. Although
I (P→PV* ).I (P→VV* ), the contribution fromP→PV*
is small sinceA1/2!A1/2

V . Contributions fromP→MM* dif-
fer from previous estimates of contributions from intermedi-
ate ground-state mesons by factors of the order of
I (P→MM* )/I (P→VP). It is notoriously difficult to esti-
mate numerical values of such ratios since they depend on
the poorly known shape of form factors. Taking into account
the difference in threshold positions only@i.e., using the form
of Eq. ~9! and the shape ofFPVV in place ofFPMM* so that
in the limit of theMM2MM* threshold degeneracy one
recovers the Zweig rule as expected in the unitarized quark
model# results in a value of the order of 0.03 for these ratios.
This yields an additional enhancement of the ratio

TABLE III. Spin-flavor factors forP→M1M2 loops ~summed
over flavor!.

PV VP VV PS PA PT VB VS VA VT

3
2

3
2 3 S wave 1

2 0 0 1
2 0 1 0

D wave 0 0 1 1 0 1
2

3
2
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A1/2/A3/2 by some 10%. The total enhancement factor for t
A1/2/A3/2 ratio is then close to 2~recall also the 5–10 %
additional enhancement of the values of the loop integrals
q25mK

2 is used!.

III. DISCUSSION

Let us see what types of quark-level diagrams are gen
ated by hadron-level loops under discussion. ConsiderPV,
VP, andVV intermediate states. In the contribution from th
PV andVP loops@Eq. ~17!#, strong vertices are described b
F-type flavor factors, while for theVV loop the correspond-
ing couplings are ofD type@see Eq.~8!#. The flavor structure
of these strong vertices may be represented diagrammatic
as in Fig. 2. The wavy lines symbolize confining stron
forces.

The structure of the product of flavor factors correspon
ing to two strong vertices of the loop is then~a! for
P→PV→P or P→VP→P loops,

Tr~FM@FM1

† ,FM2

† # !Tr~FM8
†

@FM
18
,FM2

# !, ~31!

and ~b! for P→VV→P loops,

Tr~FM$FM1

† ,FM2

† %!Tr~FM8
† $FM

18
,FM2

%!. ~32!

Using the equality (M51%8Tr(AM)Tr(AM†)5Tr(AB),
summation over all intermediate mesonsM2 may be per-
formed, giving the expression

Tr~FM
1
†FMFM8†FM

18
!1Tr~FMFM

1
†FM

18
FM8†!

7Tr~FM
1
†FMFM

18
FM8†!7Tr~FMFM

1
†FM8†FM

18
!, ~33!

with a 2(1) sign for F (D), respectively. Flavor contrac-
tions implicit in the first and the second term of Eq.~33! are
visualized in Fig. 3~a!, while those of the remaining two
terms in Fig. 3~b!. The black blob in Fig. 1 is replaced in Fig
3 with boxes marked with dashed lines. Inside the boxes
diagrammatic representation of the genuine factorization p
scription is drawn.

Figure 3~a! represents the familiar low-energy pengui
~‘‘eye’’ ! diagram, while Fig. 3~b! is easily recognizable as
the ‘‘figure-eight’’-type diagram with soft gluon exchange
between two quark loops. When the internal organization
the weak-interaction box is taken into account, the ‘‘figur
eight’’ diagram of Fig. 3~b! is actually equivalent to the
W-exchange diagram with all possible soft gluon exchang
between an initial~anti!quark and a final~anti!quark @24–
26#.
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When one assumes a fullyP–V symmetric situation
(A5AV, B5BV) and the summation of contributions from
PV1VP and VV configurations@Eq. ~33!# is performed
~note the relative spin-weight factors
PV:VP:VV51/4:1/4:1/2), the ‘‘figure-eight’’ contribution
drops out totally from the final formulas@Eq. ~21!# and, con-
sequently, expressions in Eq.~21! correspond to the low-
energy penguin interaction with au-quark loop.

When P–V symmetry is broken~by nondegenerate
threshold positions and in input weak amplitudes! the effec-
tive contribution from the ‘‘figure-eight’’ diagram reappears
suppressing~enhancing! theA3/2 (A1/2) amplitude.

Although it is notoriously difficult to make a reliable es-
timate of the size of hadron loop effects and our calculation
involve significant simplifications, it should be obvious tha
the contribution from two-meson intermediate states is su
stantial and may be responsible for a part of theDI51/2
overDI53/2 enhancement. In our estimates we obtained f
R'2/3 fm an overall enhancement factor close to 2.
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FIG. 3. Quark-level diagrams generated by hadronic loops
Fig. 1: ~a! ‘‘eye’’ ~low-energy penguin!, ~b! ‘‘figure-eight.’’
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