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Elastic and inelastic SU„3…-breaking final-state interactions in B decays to pseudoscalar mesons

P. Żenczykowski* and P. Łach
Dept. of Theoretical Physics, Institute of Nuclear Physics, Polish Academy of Sciences, Radzikowskiego 152, 31-342 Krako´w, Poland

~Received 3 October 2003; published 26 May 2004!

We discuss all contributions from the Zweig-rule-satisfying SU~3!-breaking final state interactions~FSIs! in

the B→PP decays~neglecting charmed intermediate states!, where PP5pp, pK, KK̄, ph(h8), and
Kh(h8). First, the effects of SU~3! breaking in rescattering through Pomeron exchange are studied. Then, after
making a plausible assumption concerning the pattern of SU~3! breaking in non-Pomeron FSIs, we give
general formulas for how the latter modify short-distance~SD! amplitudes. In the SU~3! limit, these formulas
depend on three effective parameters characterizing the strength of all non-Pomeron rescattering effects. We
point out that the experimental bounds on theB→K1K2 branching ratio may limit the value of only one of
these FSI parameters. Thus, the smallness of theB→K1K2 decay rate does not imply negligible rescattering
effects in other decays. Assuming a vanishing value of this parameter, we perform various fits to the available
B→PP branching ratios. The fits determine the quark-diagram SD amplitudes, the two remaining FSI param-
eters and the weak angleg. While the set of allB→PP branching ratios is well described withg around its
expected standard model~SM! value, the fits permit other values ofg as well. For a couple of such good fits,
we predict asymmetries for theB→Kp, p1h(h8), K1h(h8) decays as well as the values of theCP-violating
parametersSpp andCpp for the time-dependent rate ofB0(t)→p1p2. Apart from a problem with the recent
B1→p1h asymmetry measurement, comparison with the data seems to favor the values ofg in accordance
with SM expectations.

DOI: 10.1103/PhysRevD.69.094021 PACS number~s!: 13.25.Hw, 11.30.Hv, 11.80.Gw, 12.15.Hh
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I. INTRODUCTION

The majority of the analyses ofCP-violating effects inB
decays assume that the relevant amplitudes are given
short-distance~SD! expressions only. In particular, forB de-
cays into two pseudoscalar mesons (B→PP), any possible
final state interactions~FSIs! are usually completely ne
glected. It is very difficult to assess if this neglect is justifi
or not. Some authors have argued that such effects shou
negligible @1,2# since theB mass is already quite large. I
other papers it is stressed that the FSIs should be impo
and that any reliable analyses ofB decays must take thes
interactions into account@3–7#. It has been suspected that th
inelastic FSIs are particularly important@3,6#. Unfortunately,
with our insufficient knowledge of thePP interactions at 5.2
GeV, there is virtually no hope that the relevant rescatter
effects may be calculated reliably.

In order to overcome this obstacle, in a recent paper@8#
we analyzed an SU~3!-symmetric approach with the built-in
Zweig rule, in which our ignorance as to the size of inelas
rescattering was reduced to a set of only threeeffective~com-
plex! parameters jointly describing all inelastic final sta
interaction ~IFSI! effects. It was shown that the SU~3!-
symmetric rescattering leads to a simple redefinition
quark-diagram amplitudes, thus permitting the use of a d
gram description in which, however, weak phases may e
in a modified way. Furthermore, a simple estimate was m
as to the size of error which could be committed while e
tracting the value of the unitarity-triangle angleg when such
modifications are not taken into account.

In the present paper, we extend the general scheme of
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@8# and introduce SU~3! breaking both in the elastic and i
the inelastic final state interactions. The introduction
SU~3! breaking makes it reasonable to attempt a deta
description of the data. When doing so, we take into acco
all short-distance amplitudes usually considered as the do
nant ones~Sec. II!, and make certain assumptions as to t
form of FSIs and SU~3! breaking~Secs. III and IV!. In Sec.
IV we also discuss at some length the point that estima
the size of all rescattering effects on the basis of theB

→KK̄ data is significantly more difficult than usually ac
knowledged. Then, in Sec. V, we perform fits to the expe
mental branching ratios of theB→PP decays, and discus
their implications. A brief summary appears in Sec. VI.

II. SHORT-DISTANCE AMPLITUDES

Short-distance amplitudes may lead not only to thePP
states but also to the generalM1M2 states, withMi repre-
senting various heavy mesons. Consequently, thePP pair
observed inB decay may be produced in three ways: it m
not participate in any rescattering after being produced i
SD process, it may undergo elastic rescattering, and, fin
it may result from inelastic rescattering ofM1M2 into PP.
As discussed in@8#, with the help of the unitarity condition
contributions from other inelastic intermediate states~such as
many-body statesM1M2 . . . Mn) may be always incorpo-
rated into the contribution fromM1M2.

All SD amplitudesB→M1M2 may be classified in the
same way as standard SD amplitudesB→PP, i.e., T,T8
~tree!, C,C8 ~color suppressed!, P,P8 ~penguin!, E,E8 ~ex-
change!, A,A8 ~annihilation!, PA,PA8 ~penguin annihila-
tion!, S,S8 ~singlet penguin!, SS,SS8 ~double singlet pen-
guin!. As usual, we denote strangeness-conservingDS50
©2004 The American Physical Society21-1
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~strangeness-violatinguDSu51) processes by unprime
~primed! amplitudes respectively. Electroweak pengu
contributions may be included via the replacemen
T→T1PEW

c , P→P2PEW
c /3, C→C1PEW , S→S2PEW/3

@9# ~with analogous expressions for the primed amplitude!.
The essential assumption of Refs.@10,8# is that the tree,

penguin, etc. amplitudes for the production of variousM1M2
states areproportional to the corresponding amplitudes fo
the production of thePP pair. One may argue that the re
evant coefficients of proportionality are approximately ind
pendent of the diagram type~tree, penguin, etc.! considered.
The common remaining single coefficient of proportional
may be absorbed into the rescattering amplitudesM1M2
→PP, for which the Zweig-rule is assumed. Finally, th
sum over all intermediate statesM1M2 may be performed
leading to the appearance of only three effective comp
parameters representing the relevant sums and correspo
to the presence of three Zweig-rule satisfying SU~3!-
symmetric forms forM1M2→PP ~for more details, see
@10,8#!.

As a result of these simplifications, all contributions fro
various short-distanceB→M1M2 amplitudes get expresse
in terms of relevant standardB→PP short-distance ampli-
tudes. Our whole approach to inelastic rescattering depe
therefore on standardT,P, . . . ,P8,T8, . . . etc. amplitudes
~with appropriate weak phases! and on parameters effec
tively describing the rescattering. In order to simplify th
discussion and study the effect of FSIs only, we assume
the strong SD phases are negligible.@In Ref. @1# these phases
were estimated to be of the order of 10°, while in Ref.@11#
it is argued that the FSI-uncorrected ‘‘bare’’ amplitudes
not contain any strong phases—see the comment after
~16! therein#. This assumption may be relaxed in future.

Some of the SD quark-diagram amplitudes are related
an approach in which FSIs break SU~3!, one should incorpo-
rate SU~3! breaking into the SD relationships as well. Ther
fore, we assume that the tree SD amplitudes satisfy the
lowing relation@12#:

T85
Vus

Vud

f K

f p
T'0.276T. ~1!

Both tree amplitudes have the same~weak! phase:T/uTu
5T8/uT8u5eig.

The penguin SD amplitudes are dominated by thet quark,
so that the weak phase factor ise2 ib for P and 61 for P8
~i.e., P856uP8u). We use the estimate@12#

P52e2 ibUVtd

Vts
UP8'20.176e2 ibP8. ~2!

In the fits of Sec. V, we acceptb524°, which is in agree-
ment with the world average@13# sin 2b50.73460.054. We
accept~as it is usually done! that the value of the penguin SD
amplitudes does not depend on the flavor of the qua
antiquark pair created to produce theM1M2 state. For ex-
ample, standard SD contributions from penguinP in Bd

0

→p1p2 ~or p0p0), and inB1→K1K̄0 are given by SU~3!
09402
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considerations only, despite the fact that in these two p
cesses the produced quark-antiquark pairs are of diffe
flavors.

We accept the relations between the tree and the co
suppressed amplitudes given by the SD estimates:

C5jT ~3!

and

C85T8„j2~11j!dEWe2 ig
…, ~4!

where we takej5(C11zC2)/(C21zC1)'0.17, assuming
z'0.42, i.e., midway between 1/Nc and the value of 0.5
suggested by experiment, and usingC1'20.31 and C2
'1.14 @14#. The contribution from the electroweak pengu
amplitude PEW8 has been included in Eq.~4!, with dEW

'10.65@15# ~other electroweak penguin amplitudes are n
glected!.

The last independent SD amplitude considered here is
singlet penguin amplitudeS8, whose weak phase is 0~data
requires that this amplitude be sizable@16,12#!. Thus, the SD
amplitudes and our whole approach depend on four SD
rameters:uTu, P8, S8, and the weak phaseg. The remaining
SD amplitudes (E,E8,S,PA, . . . ) areassumed to be negli
gible.

III. SU „3…-BREAKING IN POMERON-EXCHANGE-
INDUCED RESCATTERING

If we gather all SD amplitudesB→PP ~as well as those
of B→M1M2) into vectorw, and accept that FSIs canno
modify the probabilities of the original SD weak decays,
follows that vector W representing the set of all FSI
corrected amplitudes is related tow through@6,10#:

W5S1/2w ~5!

@in the one-channel case, Eq.~5! reduces to the Watson’
theorem@17##.

Let us consider now elasticPP rescattering only~i.e.,
with w restricted to its part corresponding toB→PP pro-
cesses, and similarly forW). For high energies this resca
tering is approximately independent of energy. We shall
Regge terminology and call this energy-independent term
Pomeron-induced contribution. Since Pomeron exchang
known to be substantial, theB→PP amplitudes ats5mB

2

should be corrected for Pomeron-induced rescattering. Tr
ing Pomeron-induced FSIs as a small correction to the
expressions forB→PP amplitudes corresponds to expan
ing S1/2[(11 iT)1/25(112iA)1/2511 iA1••• and keep-
ing terms linear inA only. Thus, one gets@6#

W'~11 iA!w. ~6!

Because the amplitudes for Pomeron exchange are pred
nantly imaginary, we have

A5 ia ~7!

with reala. In the SU~3!-symmetric world, all elements ofa
are identical, and their common value isa'0.16@cf. @3# and
1-2
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Eqs. ~10!,~17! in @6#!. Consequently, Pomeron-induced re
cattering rescales all SD amplitudes in the same way:

W5~12a!w. ~8!

It is only when SU~3! is broken that the rescaling is differen
for different decay channels, and deviations from the st
dard SD form could be observed in principle.

When SU~3! is broken, the values ofa differ for different
final channelsP1P2. In a simple model for Pomeron used
@3,18#, they are given by

a~P1P2!5
1

16p

bP1
bP2

bP1
1bP2

~9!

with the values ofbp ,bK ~meson-Pomeron couplings! and
bp ,bK ~slope coefficients for the relevant couplings! ex-
tracted from data onpp andKp scattering. In the following
we will use the averages of values given in@3,18#, i.e.,

bp53.47Amb,

bK52.78Amb,

bp51.93 GeV22,

bK50.9 GeV22. ~10!

In order to estimatebh ,bh8 andbh ,bh8 , we assume perfec
mixing for h,h8 @i.e., h5(uū1dd̄2ss̄)/A3, andh85(uū

1dd̄12ss̄)/A6] corresponding to the octet-singlet mixin
angle of u5219.5° ~see, e.g.@19–21,16#; for a different
approach toh-h8 mixing in B→Kh8 decays see@22#!, and
derive @18#

bh5~bp12bK!/3'3.01Amb,

bh85~2bp14bK!/3'2.55Amb,

bh5~bp12bK!/3'1.24 GeV22,

bh85~2bp14bK!/3'0.56 GeV22. ~11!

Note that for theKh8 channel the denominator in Eq.~9! is
particularly small. In this channel the Pomeron-exchan
induced correction is therefore relatively large which m
possibly affect the extraction of the short-distanceS8 ampli-
tude from the data.

The resulting pattern of SD amplitudes corrected
Pomeron-induced rescattering differs from standard SD
pressions by departures from SU~3! only. Consequently,
we introduce SU~3!-symmetric rescaled amplitudesT̄,T̄8,P̄,
P̄8, . . . , defined as

T̄(8)5T(8)
„12a~pp!…,

P̄(8)5P(8)
„12a~pp!…, ~12!

. . . ,
09402
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and the SU~3!-breaking correctionsK(P1P2)5@a(pp)
2a(P1P2)#/@12a(pp)#. The complete set of SD ampli
tudes corrected for SU~3!-breaking Pomeron-exchange
induced rescattering is gathered in Table I.

IV. INELASTIC SU „3…-BREAKING FSI WITH ZWEIG
RULE

Analysis of inelastic SU~3!-breaking effects follows the
approach of@8#. As in Ref. @8#, in the present paper we d
not consider contributions from intermediate charmed sta
~thus neglecting the long-distance ‘‘charming penguin am
tudes’’!. Since they may be important@23–26,11#, their
analysis merits further work. The most general Zweig-ru
satisfying rescatteringM1M2→P1P2 is described by two
types of connected diagrams: the ‘‘uncrossed’’ diagrams
Fig. 1~u!, and the ‘‘crossed’’ diagrams of Fig. 1~c!. By virtue
of Bose statistics, the finalP1P2 pair must be in an overal

TABLE I. SD amplitudes for decaysB1,Bd
0→P1P2 corrected

for SU~3!-breaking Pomeron-exchange-induced rescattering.

Decay Rescaled and corrected SD

B1→p1p0
2

1

A2
(T̄1C̄)

K1K̄0 2 P̄„11K(KK)…

p1h 2
1

A3
(T̄1C̄12P̄)„11K(ph)…

p1h8 2
1

A6
(T̄1C̄12P̄)„11K(ph8)…

Bd
0→p1p2

2(T̄1 P̄)

p0p0
2

1

A2
(C̄2 P̄)

K1K2 0

K0K̄0 2 P̄„11K(KK)…

B1→p1K0
2 P̄8„11K(pK)…

p0K1 1

A2
(T̄81C̄81 P̄8)„11K(pK)…

hK1 1

A3
(T̄81C̄81S̄8)„11K(hK)…

h8K1 1

A6
(T̄81C̄813P̄814S̄8)„11K(h8K)…

Bd
0→p2K1

(T̄81 P̄8)„11K(pK)…

p0K0 1

A2
(C̄82 P̄8)„11K(pK)…

hK0 1

A3
(C̄81S̄8)„11K(hK)…

h8K0 1

A6
(C̄813P̄814S̄8)„11K(h8K)…
1-3
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symmetric state. Our definition of inelastic rescattering
cludes a non-Pomeron contribution fromP1P2→P1P2 tran-
sitions, which—together with the Pomeron-exchang
induced part of these transitions—are usually classified
elastic.

A. SU„3…-invariant rescattering amplitudes

In the SU~3! case, the requirement of Bose statistics
P1P2 means that there are two types of uncrossedM1M2
→P1P2 amplitudes, i.e.@using a particle symbol for the cor
responding SU~3! matrix#,

Tr~$M1
† ,M2

†%$P1 ,P2%!u1 ~13!

and

Tr~@M1
† ,M2

†#$P1 ,P2%!u2 , ~14!

where the requirement in question is reflected by the p
ence of the anticommutator$P1 ,P2% of meson matrices, and
u6 denote the strength of rescattering amplitudes. Equat
~13!,~14! incorporate nonet symmetry for both intermedia
and final mesons. As explained in@8#, invariance of strong
interactions under charge conjugation demands that me
M1 and M2 belong to multiplets of the same~opposite!
C-parities for the first~second! amplitude above.

For the crossed diagrams, the requirement ofP1
P2
symmetry admits one combination only@8#:

Tr~M1
†P1M2

†P21M1
†P2M2

†P1!c, ~15!

where c denotes amplitude strength. This combination
symmetric underM1
M2 as well. Consequently, it is
charge-conjugation invariant ifM1 and M2 have C-parities
of the same sign.

B. Modifications due to SU„3… breaking

We will incorporate SU~3! breaking into the FSI ampli-
tudes of Eqs.~13!,~14!,~15! in the simplest possible way
First let us consideru-type diagrams@Fig. 1~u!#. In these
diagrams one quark~or antiquark! from mesonM1 ends up
in the final pseudoscalar meson, while the other one ann
lates an antiquark~quark! from mesonM2. It is well known
that such quark-antiquark annihilations are suppressed w
the relevantqq̄ pair has high energy, and that they are su
pressed even more strongly for thess̄ pair. In the Regge
language, the first statement corresponds to meson
changes being suppressed at high energies, the latter t
fact that intercepts of Regge trajectories for mesons cont

FIG. 1. Types of rescattering diagrams:~u! uncrossed;~c!
crossed.
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ing strange quarks lie below those for mesons compose
u,d,ū,d̄ only. The additional suppression ofss̄ annihilation
with respect to that ofuū ~or dd̄) depends on the energy o
the qq̄ pair. Since we want to analyze the main effect
SU~3! breaking only, we assume that an exchange o
strange~anti!quark between mesonsM1 andM2 ~or between
P1 and P2) is suppressed by the same factor (e) for all
intermediate states. On the other hand, the amplitudes fo
uncrossed diagrams in which strange~anti!quarks from me-
sonsM1 end up in final pseudoscalar mesons~i.e., are not
annihilated! are not suppressed by SU~3!-breaking effects.

The relevantu-type amplitudes may be then calculate
from the appropriate generalizations of Eqs.~13!,~14!. For
the contribution from mesonsM1 and M2 of the same
charge-conjugation parities@C(M1)C(M2)511# we have,
for example,

1

2
Tr„~M1

†I eM2
†1M2

†I eM1
†!~P1I eP21P2I eP1!…u1

1
1

2
Tr„~M1

†TI eM2
†T1M2

†TI eM1
†T!~P1

TI eP2
T1P2

TI eP1
T!…u1 ,

~16!

where

I e5F 1 0 0

0 1 0

0 0 e
G . ~17!

In Eq. ~16! we divided the whole contribution into two parts
depending on whether it is the strange quark or antiqu
from ~say! M1 which is annihilated. Contributions from th
C(M1)C(M2)521 states may be calculated in a simil
way @one has to remember that the negative sign betw
M1I eM2 and M2I eM1 is cancelled by the negative sign i
the ~antisymmetric! wave function ofC(M1)C(M2)521
two-meson states#.

Since SU~3! is to be broken, the choice of definite SU~3!
representations for the intermediateM1M2 states is not ap-
propriate. Admitting the linear combinations of27, 8s, 8$81%,
1$88%, 1$11%, and8a ~considered in@8#! is not sufficient either,
since for broken SU~3! the complete set ofM1M2 interme-
diate states contains admixtures from other SU~3! represen-
tations. If all theC(M1)C(M2)561 intermediate states ar
to be taken into account properly, one may first list all sta
of definite charge, strangeness and isospin, and compose
two mesons of definite type, i.e., with flavor quantum nu
bers ofpK or hK or . . . . These states may be ordered~in
the sense thatpK is different from Kp) or, alternatively,
their symmetric or antisymmetric combinations~under
p↔K, etc. interchanges! may be formed. Then, SD deca
amplitudes into these states have to be evaluated. Finally
sum over the contributions from all such states has to
carried out.
1-4
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We have performed all the necessary calculations with
result that the sum overall C(M1)C(M2)561 intermediate
states leads to the formulas given in the second colum
Table II, where

ū5u
1

12a~pp!
5

u11u2

2

1

12a~pp!
,

d̄5d
1

12a~pp!
5~u12u2!

1

12a~pp!
~18!

and

D5„~21e!P̄1T̄…d̄,

D85„~21e!P̄81T̄81eS̄8…d̄. ~19!

Thus the inelastic corrections are given in terms of the pr
ucts of the SD amplitudes and the FSI parameters~here:
u, d). For example, there may be a contribution proportio
to Td. Since we finally express all formulas in terms of t
amplitudes modified for Pomeron-induced rescattering@e.g.,
in terms of T̄5T„12a(pp)… etc.#, in Eq. ~18! we intro-
duced the rescaled FSI parametersū and d̄ so that, e.g.,Td

5T̄d̄. For completeness, in Table II we give formulas for t
Bs

0 decays as well.
We incorporate SU~3! breaking into thec-type amplitudes

in a completely analogous fashion. Namely, we assume
strange~anti!quark interchanges are suppressed by factoe
~in general, this factor may be different from that used
u-type diagrams!. The relevantc-type amplitudes may be
then calculated from an appropriate generalization of
~15!. As pointed out in@8#, charge conjugation invariance o
strong interactions requires that only symmetricM1M2 states
contribute. For broken SU~3!, Eq. ~15! is replaced by

1

2
Tr~M1

†I eP1M2
†I eP21M1

†I eP2M2
†I eP1!c

1
1

2
Tr~M1

†TI eP1
TM2

†T
I eP2

T1M1
†TI eP2

TM2
†TI eP1

T!c.

~20!

As in Eq. ~16!, we divided the whole contribution into two
parts depending on whether it is the strange quark or a
quark from~say! M1 which is exchanged. Using the abov
expression and the expressions for the SD amplitudes,
summing over all the intermediate states, one obtains
corrections induced by thec-type IFSIs. They are listed in
the third column of Table II, where

c̄5c/„12a~pp!…. ~21!

In the limit of e→1, all formulas of Table II reduce to thos
given in @8#, while for e50 SU~3! is maximally broken.
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C. Structure of full FSIs

For small inelastic final-state interactions, Eqs.~5!,~6!
suggest the following approximation of all FSI effects:

W'w2aw1 i DW inel, ~22!

where the three terms correspond to the contributions fr
the unmodified SD amplitudes, the Pomeron-exchan
induced corrections, and the inelastic FSI corrections~in-
cluding theP1P2→P1P2 elastic transitions not mediated b
Pomeron!, respectively. Here DW inel ~proportional to
(M1M2

TuM1M2&^M1M2uw) is given by expressions for th
inelastic FSIs gathered in Table II. For negligible strong S
phases, it is the third term in Eq.~22! which allows the
existence of directCP violation effects. This term provides
specific prescription for how strong phases are generate
quark interchanges between outgoing mesons. In o
words, the pattern of FSI phases in allB→PP decays is
governed by three~in general complex! parametersd̄,ū,c̄
corresponding to different flavor-flow rescattering topolog
and by the value of the SU~3!-breaking parameter~s! e.

D. Size of rescattering effects andB\KK decays

The Pomeron-induced FSIs and a contribution from n
Pomeron-mediated transitionsP1P2→P1P2 together com-
prise elastic rescattering. The non-Pomeron contribution
elastic transitions~e.g., quark-line exchange diagrams f
p1p2→p1p2) should be treated alongside symmetr
related contributions ~i.e., p1p2→p0p0 or p1p2

→K1K2, etc.!, as they all have common origin. For th
SU~3! case all such ‘‘quasi-elastic’’P18P28→P1P2 transitions
were estimated in the Regge approach@27#. The resulting
differences between strong phases in the singlet, octet,
27-plet PP channels~see also@18#! vanish at high energy
while at theB-meson mass they turn out to be nonnegligib
yet small, of the order of 10°. Consequently, inclusion of f
elastic FSIs should not lead to a significant change in
quality of data description~see also the fits of the next se
tion!.

As for the inelastic rescattering, Table II provides the b
sis for the relevant discussion.

If FSIs satisfy SU~3! ~i.e., if e51), all the D and D8
terms in Table II may be absorbed into the new redefin
penguin amplitudes@8# @compare Eq.~22!#:

P̃5 P̄1 iD,

P̃85 P̄81 iD8. ~23!

With our assumptions of SU~3!-symmetric SD penguin am
plitudes @cf. comment after Eq.~2!#, such a redefinition is
possible only if e51 ~compare the relevantD-dependent
corrections toB1→K1K̄0 andBd

0→p1p2 in Table II!. As
can be seen from the presence of the SD tree amplitude
the redefined penguin amplitudes in Eq.~23! @cf. D5(3P̄

1T̄)d̄], parameterd̄ is related to the size of the long
distance (u-quark-loop! penguin amplitude. Formulas~23!
1-5
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TABLE II. Inelastic SU~3!-breaking rescattering contributions:D[„(21e) P̄1T̄…d̄; D8[„(21e) P̄8

1T̄81eS̄8… d̄.

Decay Uncrossed FSI diagrams Crossed FSI diagrams

B1→p1p0 0 2
1

A2
2c̄(T̄1C̄)

K1K̄0 2e(D12ūC̄) 0

p1h 2
2

A3
(D12ūC̄) 2

1

A3
2c̄„T̄1C̄1 P̄(22e)…

p1h8 2
2

A6
(D12ūC̄) 2

1

A6
2c̄„T̄1C̄12P̄(11e)…

Bd
0→p1p2

2„D12ū(T̄12P̄)… 22c̄C̄

p0p0 1

A2
„D12ū(T̄12P̄)… 2

1

A2
2c̄T̄

K1K2
2ū„eT̄1(11e) P̄… 0

K0K̄0 2eD22ū(11e) P̄ 0

p0h 2
2

A6
(D22ūT̄) 2

2

A6
(22e) c̄P̄

p0h8 2
1

A3
(D22ūT̄) 2

11e

A3
2c̄P̄

Bs
0→p1K2 2D 2(11e) c̄C̄

p0K̄0 1

A2
D 2

1

A2
(11e) c̄T̄

hK̄0
2

12e

A3
D 2

11e

A3
c̄„(22e) P̄1T̄…

h8K̄0
2

112e

A6
D 2

11e

A6
c̄„2(11e) P̄1T̄…

B1→p1K0
2D822ū(C̄81S̄8) 2 c̄(11e)S̄8

p0K1 1

A2
„D812ū(C̄81S̄8)…

1

A2
c̄(11e)(T̄81C̄81S̄8)

hK1 1

A3
(12e)„D812ū(C̄81S̄8)…

1

A3
c̄(11e)(T̄81C̄81 P̄8(22e)1S̄8(12e)

h8K1 112e

A6
„D812ū(C̄81S̄8)…

1

A6
c̄(11e)„T̄81C̄812(11e) P̄81(112e)S̄8…

Bd
0→p2K1

D812ūS̄8 c̄(11e)(C̄81S̄8)

p0K0
2

1

A2
(D812ūS̄8)

1

A2
c̄(11e)(T̄82S̄8)

hK0 1

A3
(12e)(D812ūS̄8)

1

A3
c̄(11e)„T̄81(22e) P̄81(12e)S̄8…

h8K0 112e

A6
(D812ūS̄8)

1

A6
c̄(11e)„T̄812(11e) P̄81(112e)S̄8…

Bs
0→p1p2

22eū(2P̄81T̄8) 0

p0p0 A2eū(2P̄81T̄8) 0

K1K2
D812eū„(11e) P̄81eT̄81S̄8… 2e c̄(C̄81S̄8)

K0K̄0 2D822eū„(11e) P̄81S̄8… 22e c̄S̄8

p0h 4

A6
eūT̄8 2

2

A6
e c̄T̄8

p0h8 2

A3
eūT̄8

2

A3
e c̄T̄8
094021-6
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ELASTIC AND INELASTIC SU~3!-BREAKING FINAL- . . . PHYSICAL REVIEW D 69, 094021 ~2004!
indicate that contributions from penguin topologies with
ternal u-quark loops cannot lead to significant modificati
of total amplitudes—all such effects are consistently
sorbed everywhere into new redefined penguin amplitu
P̃,P̃8. The only change is in the phase factors sinceD ’s
include terms depending ong. In general this leads to non
zero asymmetries, and should affect the determination og,
as the~effective! amplitudes will now interfere in a differen
way.

In some papers it was argued that theB→K1K2 decays
could provide an estimate of the size of rescattering effe
Note, however, that this decay amplitude depends onu only.
The B→K1K2 branching ratio is independent ofd̄ and c̄,
and, consequently, the size of long-distance penguin am
tudes is not restricted byB→K1K2. This means that this
branching ratio is not such a good place to estimate
‘‘typical’’ size of FSI effects as it has been thought so far

It is also sometimes said that the size of rescattering
fects may be gleamed from theB1→K1K̄0 decay which is
related to theB1→p1K0 decay by an interchange of a
down and strange quarks@29#. Here the standard argume
assumes U-spin flavor symmetry of strong interactio
When SU~3! is broken, a look at Table II and Eqs.~19!,~23!
shows that the conclusions from the comparison ofB1

→K1K̄0 andB1→p1K0 decayscannotbe obtained in such
a simple way as originally thought. Namely, with the cont
bution from ū-generated FSI effects being bounded by
smallness of theBd

0→K1K2 branching ratios, the FSI ef

fects inB1→K1K̄0 are proportional to termeD. However,
on the basis of Regge ideas and our knowledge of h
energy multiparticle production processes in whichKK̄ pairs
are rarely produced, one expects thate is small. ~The as-
sumption of negligiblee seems to be corroborated by th
e-dependence of our fits below.! Consequently, the rescatte
ing term in B1→K1K̄0 could be smaller by a factor ofe
from what is expected on the basis of U-spin symmetry w
B1→p1K0. Therefore, despite the relative 1/l2 factor @29#,
the overall FSI effects inB1→K1K̄0 need not be much
larger than those inB1→p1K0. Thus, from the smallness o
FSI effects inB1→K1K̄0 one cannot infer that such effec
are negligible elsewhere. In fact, aD-induced term, such a
that in B1→K1K̄0, is present in all formulas in which th
SD penguin amplitudeP contributes. This leads@in the
SU~3! limit # to the replacement of the original SD pengu
amplitudeP̄ by the effective penguin amplitudeP̃ given by
Eq. ~23!. It is only through a combined description of all th
B→PP branching ratios~and possibly asymmetries! such as
these attempted in this paper~i.e., not just ofB1→K1K̄0

and B1→p1K0 decays! that the effects induced by term
proportional toD can be hopefully determined.

In order to study only the most important effects, w
make now three assumptions for the fits of the next sect

~1! First, we pute50 thus breaking SU~3! maximally.
~2! Second, the present upper bound on the value of

B→K1K2 branching ratio (,0.631026) limits the size of
ū quite severely. Thus, we assume for simplicity thatū50.
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~3! Third, with no bounds set byB→K1K2 on d̄ and c̄
we must treat these parameters as free. However, while
value of d̄ could be complex, one expects thatc̄ should be
real ~as required by the condition of no exotics in th
s-channel—see Fig. 1~c!; for the Regge model the corre
sponding expressions may be found in Ref.@27#!. Conse-
quently, we will have three real parameters: Red̄, Im d̄,
Rec̄.

With e fixed, our formulas depend on six real paramete
uT̄u, P̄8, S̄8, Red̄, Im d̄, Rec̄ ~in addition to weak phases!.
This may be compared to the approach of@28# which is less
specific as to the origin of strong phases and involves se
independent hadronic parameters.

V. FITS

In order to estimate the effects which SU~3!-breaking re-
scattering may induce, we performed fits to the availa
branching ratios ofB decays. We decided to compare th
case with no FSIs@or with SU~3!-symmetric Pomeron-
induced FSIs only# to the following two cases.

~a! SU~3!-breaking Pomeron-exchange-induced FSIs on
~b! Both Pomeron-exchange-induced and non-Pome

SU~3!-breaking FSIs.
Since one of the objectives of this paper was to test

FSI effects, we assumed that the relative strong SD pha
are negligible, i.e., all directCP violation effects involve
only the long-distance strong phases generated by the
term i DW inel in Eq. ~22!.

As the data constraining our fits we used only the bran
ing ratios of theB→PP decays~i.e., we did not include the
data on asymmetries!. The first and the second column o
Table III specify the decay channelsi considered and the
values of the experimental branching ratios~and their errors!
as used in our paper~from @12,30,31#!. In the calculations
themselves, the branching ratios were corrected for the
viation of the ratio of thetB1 andtB0

lifetimes from unity.
The sum over all these decay channelsi of the deviations
between the experimental and theoretical branching ratioBi
normalized to their experimental errors,

f ~SD ampl; FSI param.!5(
i

@Bi~ theor!2Bi~expt!#2

@DBi~expt!#2
,

~24!

was subject to the minimization procedure~see, e.g.,@1,32#!.
Note that in our fits we used not only theB→pp and B
→pK branching ratios~as in @1#!, but also the remaining
B→PP branching ratios not considered elsewhere~in par-
ticular, those forB→Kh,Kh8). We performed several dif-
ferent fits, first keeping some of the arguments off in Eq.
~24! fixed, and then letting them free. The minimization pr
cedure gave the best values ofT̄, P̄8, and S̄8 ~for different
values of weak phaseg) as well as the values of the FS
parameters. The fits permitted predictions ofCP asymmetries
in B→Kp, the values of parametersSpp andCpp describ-
ing the behavior of the time-dependent rates inBd

0(t)
→p1p2, etc. Below we discuss our results in more deta
1-7
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TABLE III. Branching ratios ofB decays~in units of 1026).

Decay Expt. P8,0
No FSI Pomeron d̄50 c̄50 p1 p2

B1→p1p0 5.861.0 4.85 4.79 5.23 5.38 5.54 5.86

K1K̄0 0.062.0 0.57 0.51 0.54 1.09 1.02 0.87

p1h 2.961.1 2.13 2.13 3.47 2.90 2.60 2.50
p1h8 0.067.0 1.06 1.03 1.69 1.39 1.25 1.22
Bd

0→p1p2 4.760.5 4.93 4.93 5.19 4.77 4.79 4.62
p0p0 1.960.7 0.55 0.56 1.98 1.85 0.82 1.31
K1K2 0.060.6 0 0 0 0 0 0

K0K̄0 0.064.1 0.53 0.48 0.50 1.02 0.95 0.87

B1→p1K0 18.161.7 18.28 18.51 19.70 19.15 18.98 20.5
p0K1 12.761.2 12.96 12.87 12.47 12.15 12.34 12.7
hK1 4.161.1 2.45 3.05 3.64 4.18 4.07 4.24
h8K1 75.067.0 72.85 72.09 69.31 69.07 69.53 69.6
Bd

0→p2K1 18.561.0 18.90 18.90 17.57 18.89 18.99 18.1
p0K0 10.261.5 6.38 6.53 6.79 7.16 7.04 7.37
hK0 0.069.3 1.83 2.43 4.28 2.50 2.29 5.36
h8K0 56.069.0 67.07 66.62 65.68 66.51 65.37 65.0
f min 16.05 14.25 8.84 7.61 9.70 8.86

uT̄u 2.58 2.56 2.41 2.71 2.69 2.66

P̄8 24.14 24.24 24.34 26.17 25.98 25.53

S̄8 21.77 22.27 22.09 21.53 21.41 21.52

g f i t 103° 101° 89° 57° 78° 99°

c̄ 10.24 0 20.11 10.18

Red̄ 0 20.22 20.10 10.15

Im d̄ 0 10.21 10.15 10.15
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A. Pomeron-induced rescattering

Consider first the situation with Pomeron-induced FS
only, i.e., d̄5 c̄5ū50. Two cases differing with respect t
the sign of~real! P8 may be distinguished. A negative valu
of P8 corresponds to vanishing differences of SD stro
phases~e.g.,dP8 ,dT8), while its positive value correspond
to this difference being 180°. UsingP8, uTu, andS8 as free
parameters, we minimizedf for different values ofg for the
no-FSI case~all a’s vanish!, and for case~a! above. Depen-
dence of the minimum value off on the value ofg is shown
in Fig. 2. From Fig. 2~and Table III! one can see that th
introduction of SU~3!-breaking Pomeron-induced FSIs do
not lead to a significant improvement in the description
data. Since non-Pomeron contributions to elastic rescatte
cannot be large atB mass, this result is in contradiction wit
a recent paper@33# which claimed that data provide evidenc
for a large effect due to SU~3! breaking in elastic rescatter
ing.

The preferred values ofg are in the range of aroun
85°,g,125° (0°,g,60°) for P8,0 (P8.0). The best
fit is obtained forP8,0 with g'102° ~see Table III!, in
agreement with earlier determinations preferringg*90°
@1,34,35#. Such a large value ofg is in disagreement with the
estimates in the standard model, which lead togSM'64.5°
67° @34#, or, more conservatively, to the region of 50°,g
,80° ~see, e.g.,@36–38#!. The approach of Ref.@28# permits
09402
s

g

f
ng

slightly smaller values ofg, in the range of approximately
75° –85°, at the cost of introducing seven independent
rameters in place ofuTu, P8, andS8 ~see also the next sub
section!. Table III shows that the inclusion of SU~3!-breaking
Pomeron-induced FSIs enhances the value of theS8/P8 ratio
when extracting it from data.

FIG. 2. Dependence of minimized functionf @Eq. ~24!# on g:
thin lines, P8.0; thick lines, P8,0; solid lines, no FSI/SU~3!
symmetric Pomeron-induced FSI; dashed lines, SU~3!-breaking
Pomeron-induced FSI.
1-8
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B. Inelastic rescattering

Since even whenū5e50 there are still three real FS
parameters (Red̄, Im d̄, Rec̄), it is instructive to consider
first the two limiting cases when~1! ud̄u!uc̄u and ~2! ud̄u
@uc̄u. In order to study these cases, we assumed̄50 or c̄
50, respectively. The results of our fits for theP8.0 (P8
,0) cases are shown in Fig. 3a~Fig. 3b!. Solid ~dashed!
lines correspond tod̄50 (c̄50).

Clarification of how the curves in Fig. 3 were obtained
in order. The approximation leading to Eq.~22! was based on
the assumption that FSIs may be treated perturbatively. C
sequently, the FSI parametersd̄,c̄ cannot be too large. Con
sider for example thedT correction to the penguin SD am
plitudeP. Since the ratio ofuPu/uTu is expected to be aroun
0.3 ~in our fits without FSIs we have50.73/2.5850.28), the
admissible value ofud̄u should be smaller than that numbe
Consequently, in the analysis leading to Fig. 3 we limited
region of parameter values touRed̄u,0.25,uIm d̄u,0.25. In

FIG. 3. Dependence of minimized functionf @Eq. ~24!# on g for

full FSI: ~a! P8.0, ~b! P8,0; solid lines,d̄50, unrestricteduc̄u,
dashed lines,c̄50, uRed̄u,0.25, uIm d̄u,0.25.
09402
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order to give a feeling for the expected scale of FSI para
eters, let us recall that the contribution touu1u arising from
quasielastic non-Pomeron rescattering is fully calculable
the Regge model, and in Ref.@8# it was estimated to be of the
order of 0.04–0.05. The value ofud̄u of the order of 0.1 or
0.2 could therefore represent the sum of contributions fr
several intermediate channels while being still acceptable
corresponding to a perturbative realm.

When our restrictions on the allowed values
uRed̄u,uIm d̄u are relaxed, the global minima seen in Fig.
are still present with the same values off. For theP8.0 case
~Fig. 3a!, the relevant curve lies only slightly below tha
shown. For theP8,0 case~Fig. 3b!, the minimum of the
dashed curve on the right~at g'130°) becomes deeper wit
the value off comparable to its value atg'60°. However,
the corresponding value ofud̄u becomes significantly large
than 0.25. The fitted values ofuc̄u are of the order of 0.25
also whenuc̄u is not restricted. In the presented fits no restr
tions onc̄ were imposed.

Comparison with Fig. 2 shows that the minima off treated
as a function ofg are now deeper and significantly shifte
when compared with the no-FSI case.

For theP8.0 case, we have: in thed̄50 case the mini-
mum of f (g) appears atg'50° with a value off at mini-
mum being 12.2 andc̄520.28~Fig. 3a, solid line!, while in
the c̄50 caseg'80° is singled out withf 513.3 and Red̄
510.25, Imd̄520.21 ~Fig. 3a, dashed line!. The reduced
x red

2 5 f /(N2k), with N515 used as the number of da
points, andk being the number of independent paramete
goes down fromx red

2 around 25/(1524)'2.2 for the no-FSI
case tox red

2 around 1.2–1.4 when FSI is taken into accou
For theP8,0 case, the minima off (g) are significantly

deeper: in thed̄50 case there is a slight shift ing ~from
around 102° to around 90°) with the value off (g) at mini-
mum being 8.84 andc̄50.24 ~Fig. 3b, solid line!; in the c̄
50 case the shift ing is larger and a minimum appears
g557° with the value off (g) at minimum being 7.61~Fig.
3b, dashed line!. In the latter case the fitted values of FS
parameters are

Red̄'20.22, ~25!

Im d̄'10.21. ~26!

In both cases the value ofx red
2 is about 0.9. The secon

minimum of the dashed line in Fig. 3b atg'130° corre-
sponds to a different sign of Red̄. When the restriction on
the size ofud̄u is relaxed, this minimum becomes as deep
that at g557°. Then, however, the value ofud̄u is much
larger than 0.25. Sincex red

2 is significantly smaller forP8
,0, we restrict further discussion to this case.

In Fig. 4, relaxing for a moment the assumptione50,
we show thee dependence of the minimal values off for
P8,0 and for fixed values ofg in the two cases ofd̄50
1-9
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P. ŻENCZYKOWSKI AND P. ŁACH PHYSICAL REVIEW D69, 094021 ~2004!
~Fig. 4a! and c̄50 ~Fig. 4b!. The region of smalle seems to
be preferred in both cases. In this analysis, as in that lea
to Fig. 3, the values ofd̄ were restricted touRed̄u,0.25,
uIm d̄u,0.25, while the values ofc̄ were set free.

In the most general fit~with P8,0), we assumede50
and simultaneously treated all three FSI parame
(Red̄, Im d̄, c̄) as free. In Fig. 5a we show the contour pl
of the minimum off treated as a function of complexd̄. The
fitted values ofc̄ are not shown but in the region aroun
Red̄520.22,Imd̄510.21 ~point X) they turn out to be
close to 0. Thus, allowingc̄ to be free does not lead far awa
from the minimum found before for thec̄50 case. The cor-
respondingx red

2 is around 1.0. The fitted values ofuc̄u turn

out to be smaller than 0.25 for all ofd̄ in Fig. 5a with the

FIG. 4. Dependence of minimized functionf on e for full FSI

and different values ofg: ~a! d̄50, unrestricteduc̄u; ~b! c̄

50, uRed̄u,0.25,uIm d̄u,0.25.
09402
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exception of a thin slice on the right~for Red̄.0.20 and
Im d̄,0.05).

In order to show what happens for other negative as w
as for positive Red̄, below we present also fits performed
two additional points (p1) and (p2):

point p1: Red̄520.10

Im d̄510.15 ~27!

and

FIG. 5. ~a! Contour plot of minimized functionf in complexd̄
plane. Positions of the minimum~X! and of the selected point
p1, p2 are indicated.~b! Contour plot of fitted values ofg in

complexd̄ plane.
1-10
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point p2: Red̄510.15

Im d̄510.15. ~28!

TheB→PP branching ratios corresponding to the four cas

@ d̄50, c̄50, point (p1), point (p2)] are gathered in Table
III together with other fit details.

As can be seen from Table III, the quality of the descr
tion of branching ratios at points (p1),(p2) is essentially the
same as that at minimum~point X, c̄'0). Table III shows
also that the dominant contribution tof comes from the 2s
discrepancy between the experimental and the fittedBd

0

→p0K0 branching ratios~a similar problem with this decay
channel can be observed in other papers; see, e.g.,@33#!. In a
recent paper@39#, the question of a potential discrepancy
the sum rule relating the branching ratios inB1,Bd

0→Kp
decays was discussed and it was suggested that the ex
ment hints at a slight enhancement of both modes involv
p0. In our fits~as in@33#!, however, the measured branchin
ratio of B1→p0K1 is well described.

Figure 5b gives the contour plot of the corresponding
ted values ofg. In the region around pointsX and p1 the
fitted values ofg seem to be in agreement with the cons
vative SM expectation of 50°,gSM,80°, so this part of the
complexd̄ plane may be called the ‘‘SM’’ region.

C. CP asymmetries

With the values of the FSI~and other! parameters fixed
one can attempt the calculation ofCP-violating observables
The CP-violating asymmetries inB→Kp decays defined a

ACP~B→Kp!5
G~B̄→K̄p!2G~B→Kp!

G~B̄→K̄p!1G~B→Kp!
~29!

(B5Bd
0 ,B1, B̄5B̄d

0 ,B2) were calculated for all four case
under discussion. The relevant predictions are given in Ta
IV together with the experimental data@31,40–45# as aver-
aged in@46#. The ‘‘SM’’ region of small c̄ and negative Red̄
@represented by pointsX( c̄50) andp1 (c̄520.11)] seems
to describe the experimentalB→Kp CP asymmetries some
what better than thed̄50 case or the region of positive Red̄
~i.e., point p2) do: our FSI approach prefers negativeB0

→p2K1 asymmetry, in agreement with the experiment a
in disagreement with the predictions of Ref.@1#. Although
the B→Kp asymmetries are experimentally small, th
might provide important model tests~see, e.g.,@11#!.

TABLE IV. Asymmetries inB→Kp decays.

Decay Expt. P8,0

d̄50 c̄50 p1 p2

B1→p1K0 20.03260.066 0 10.09 10.05 20.07
B1→p0K1 10.03560.071 20.04 20.10 20.03 10.03
B0→p2K1 20.08860.040 10.03 20.10 20.07 10.08
B0→p0K0 0.0360.37 10.07 10.13 10.04 20.05
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In view of the recent BaBar measurement@47# favoring a
large negative asymmetry inB1→p1h decays, we have
computed the asymmetries in allB1→p1h(h8) and B1

→K1h(h8) decays. The results are given in Table V wi
the data@47–49# averaged as in@46#. Contrary to the BaBar
result, ourB1→p1h asymmetry is small and positive forg
in the ‘‘SM’’ region. On the other hand, ourK1h asymmetry
~fairly large when compared with other asymmetries! seems
to agree with the data. Problems with the simultaneous
scription ofp1h andK1h asymmetries have been noted
@46# as well.

We have also calculated parameters relevant for the ti
dependent rates inBd

0(t)→p1p2 @50#, i.e.,

Spp5
2 Imlpp

11ulppu2
~30!

and

Cpp5
12ulppu2

11ulppu2
, ~31!

where

lpp[e22ib
A~B̄d

0→p1p2!

A~Bd
0→p1p2!

. ~32!

Our predictions are given in Table VI. Although the expe
mental results from Belle and BaBar@51,52# still exhibit the
well-known discrepancies@53,54#, the ‘‘SM’’ region of small
~negative! c̄ and negative Red̄ ~with the value ofg close to
the SM expectations! seems favored again.

For the time-dependent rates inBd
0(t)→h8KS , the effect

of final-state interactions is negligible. Indeed, the relev

TABLE V. Asymmetries in B1→p1h(h8) and B1

→K1h(h8) decays.

Decay Expt. P8,0

d̄50 c̄50 p1 p2

B1→p1h 20.5160.19 0 10.10 10.06 20.09
B1→p1h8 0 10.10 10.06 20.10
B1→K1h 20.3260.20 10.23 20.39 20.49 10.32
B1→K1h8 20.00260.040 20.01 10.01 10.01 20.01

TABLE VI. CP-violating parameters in time-dependent rates
B→p1p2.

Parameter Experiment P8,0
Belle d̄50 c̄50 p1 p2

BaBar

Spp 21.2360.4120.07
10.08 20.12 20.78 20.23 10.49

20.4060.2260.33
Cpp 20.7760.2760.08 20.05 20.21 20.08 10.11

20.1960.1960.05
1-11
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amplitudes are dominated by theP̄8 and S̄8 amplitudes~in
particular, the FSI correction is dominated by terms prop
tional to P̄8; see Table II!. Thus, all important terms have th
same weak phase. Consequently, one obtainsSh8KS

'sin 2b,Ch8KS
'0, in agreement with the experimental a

erages~from @46#! of Sh8KS
510.3360.25,Ch8KS

520.18

60.16.
The B1→p1p0 asymmetry is predicted to be zero~cf.

Tables I and II!, in agreement with its experimental value
20.0760.14 ~average from@46#!.

Although apart from the discrepancy in sign with the mo
recent BaBarp1h result there seems to be a hint of agre
ment with other asymmetries, one has to remember that t
~and other! predictions for asymmetries may be affected
the inclusion of the charming penguin contribution@23,34#.

VI. CONCLUSIONS

In this paper we have analyzed the contributions fr
both elastic and inelastic SU~3!-breaking final-state interac
tions in B decays to two light pseudoscalar mesonsB
→PP).

We have found that the inclusion of an experimenta
determined pattern of SU~3! breaking in Pomeron-induce
rescattering enhances the value of theS8/P8 ratio when ex-
tracting it from the fit to theB→PP branching ratios. How-
ever, taking this rescattering into account does not lead
any significant change in the overall fit. Since at the ene
of s5mB

2 the inclusion of non-Pomeron elastic rescatter
may lead to small corrections only, analyses incorporat
full elastic FSIs can lead neither to a significant improvem
in the quality of data description, nor to the extracted va
of g being substantially shifted towards the SM expectati

We have pointed out that a small value of theB
→K1K2 branching ratiodoes not implynegligible inelastic
rescattering effects in otherB→PP decays. This conclusion
follows from the fact that rescattering in theB→K1K2 de-
da

es
.

09402
r-

t
-
se

to
y

g
t

e
.

cay is independent of two of the three parameters describ
the totality of inelastic FSIs: one related to theu-loop long-
distance penguin amplitude~in a resonance channel!, and the
other one describing quark rearrangement~in an exotic chan-
nel!. As for B1→K1K̄0, with U-spin symmetry probably
broken by final-state interactions, this decay was argued
be less helpful in the determination of the size of rescatter
effects than originally suspected. Its importance in the de
mination of the size of rescattering effects~i.e., the size of
the u-loop long-distance penguin amplitude! would then lie
not just in its relation toB1→p1K0, but, more properly, in
its relation to all otherB→PP decay channels.

Finally, after neglecting the relative strong phases
short-distance amplitudes, we have carried out fits to
availableB→PP branching ratios with all elastic and inela
tic SU~3!-breaking rescattering effects taken into accou
The only neglected but potentially important correctio
were those due to the intermediate states composed
charmed mesons. Our fits show the importance of resca
ing effects and weakly hint at the value ofg compatible with
SM expectations. However, other values ofg are also pos-
sible. Narrowing the range of admitted values ofg will re-
quire taking into account the experimental data on asym
tries in addition to those on branching ratios. In this paper
used the values of rescattering parameters as determ
from the fits to the branching ratios, and predicted seve
CP-violating observables@CP asymmetries inB→Kp de-
cays,Spp and Cpp for the Bd

0(t)→p1p2 time-dependent
decay rates, etc.#. Again, weak agreement with the data~with
the notable exception of theB1→p1h asymmetry! was
found for g close to the SM expectations.
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