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Exploring CP violation through correlations in B\pK, Bd\p¿pÀ, Bs\K¿KÀ observable space
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We investigate the allowed regions in the observable space ofB→pK, Bd→p1p2, and Bs→K1K2

decays, characterizing these modes in the standard model. After a discussion of a new kind of contour plot for
the B→pK system, we focus on the mixing-induced and directCP asymmetries of the decaysBd→p1p2

andBs→K1K2. Using experimental information on theCP-averagedBd→p7K6 andBd→p1p2 branching
ratios, the relevant hadronic penguin parameters can be constrained, implying certain allowed regions in
observable space. In the case ofBd→p1p2, an interesting situation arises now in view of the recentB-factory
measurements ofCP violation in this channel, allowing us to obtain new constraints on the CKM angleg as
a function of theBd

0-Bd
0 mixing phasefd52b, which is fixed throughA CP

mix(Bd→J/cKS) up to a twofold
ambiguity. If we assume thatA CP

mix(Bd→p1p2) is positive, as indicated by recent Belle data, and thatfd is
in agreement with the ‘‘indirect’’ fits of the unitarity triangle, also the corresponding values forg around 60°
can be accommodated. On the other hand, for the second solution offd , we obtain a gap aroundg;60°. The
allowed region in the space ofA CP

mix(Bs→K1K2) andA CP
dir (Bs→K1K2) is very constrained in the standard

model, thereby providing a narrow target range for run II of the Fermilab Tevatron and the experiments of the
CERN LHC era.
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I. INTRODUCTION

One of the most exciting aspects of present particle ph
ics is the exploration ofCP violation throughB-meson de-
cays, allowing us to overconstrain both the sides and
three anglesa, b andg of the usual nonsquashed unitari
triangle of the Cabibbo-Kobayashi-Maskawa~CKM! matrix
@1#. In addition to the ‘‘gold-plated’’ modeBd→J/cKS @2#,
which has recently led to the observation ofCP violation in
theB system@3,4#, there are many different avenues we m
follow to achieve this goal.

In this paper, we first considerB→pK modes@5–14#,
and then focus on theBd→p1p2, Bs→K1K2 system@15#,
providing promising strategies to determineg. In a previous
paper@16#, we pointed out that these nonleptonicB decays
can be characterized efficiently within the standard mo
through allowed regions in the space of their observable
future measurements should result in values for these q
0556-2821/2002/66~5!/054009~20!/$20.00 66 0540
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tities lying significantly outside of these regions, we wou
have an immediate indication for the presence of new ph
ics. On the other hand, a measurement of observables l
inside these regions would allow us to extract values for
angleg, which may then show discrepancies with other d
terminations, thereby also indicating new physics. Since p
guin processes play a key role inB→pK, Bd→p1p2, and
Bs→K1K2 decays, these transitions actually represent s
sitive probes for physics beyond the standard model@17#.

In addition to an update and extended discussion of
allowed regions in observable space of appropriate comb
tions of B→pK decays, following Ref.@16#, the main point
of the present paper is a detailed analysis of theBd

→p1p2, Bs→K1K2 system in the light of recent exper
mental data. These neutralB-meson decays into finalCP
eigenstates provide a time-dependentCP asymmetry of the
following form:
aCP~ t ![
G@Bq

0~ t !→ f #2G@Bq
0~ t !→ f #

G@Bq
0~ t !→ f #1G@Bq

0~ t !→ f #
5FA CP

dir ~Bq→ f !cos~DMqt !1A CP
mix~Bq→ f !sin~DMqt !

cosh~DGqt/2!2ADG~Bq→ f !sinh~DGqt/2!
G , ~1!
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where we have separated, as usual, the ‘‘direct’’ from
‘‘mixing-induced’’ CP-violating contributions. The time-
dependent rates refer to initially, i.e., at timet50, presentBq

0

or Bq
0 mesons,DMq.0 denotes the mass difference of t

Bq mass eigenstates, andDGq is their decay width differ-
ence, which is negligibly small in theBd system, but may be
as large asO(10%) in theBs system@18#. The three observ-
ables in~1! are not independent from one another, but sati
the following relation:

@A CP
dir ~Bq→ f !#21@A CP

mix~Bq→ f !#21@ADG~Bq→ f !#251.
~2!

If we employ theU-spin flavor symmetry of strong inter
actions, relating down and strange quarks to each other
CP-violating observables provided byBd→p1p2 and Bs

→K1K2 allow a determination both ofg and of theBd
0-Bd

0

mixing phasefd , which is given by 2b in the standard
model @15#. Moreover, interesting hadronic penguin para
eters can be extracted as well, consisting of aCP-conserving
strong phase, and a ratio of strong amplitudes, measurin
roughly speaking—the ratio of penguin- to tree-diagram-l
contributions toBd→p1p2. The use ofU-spin arguments
in this approach can be minimized, if we usefd as an input.
As is well known, this phase can be determined fro
mixing-inducedCP violation in Bd→J/cKS ,

A CP
mix~Bd→J/cKS!52sinfd , ~3!

up to a twofold ambiguity. Using the present world avera

sinfd50.7860.08, ~4!

which takes into account the most recent results by Ba
@19# and Belle@20#, as well as previous results by the Co
lider Detector at Fermilab~CDF! @21# and ALEPH@22#, we
obtain

fd5~5127
18!°~~12928

17!°. ~5!

On the other hand, theBs
0-Bs

0 mixing phasefs , which enters
A CP

mix(Bs→K1K2), is negligibly small in the standard
model. It should be noted that we have assumed in Eq.~3!
that new-physics contributions to theB→J/cK decay am-
plitudes are negligible. This assumption can be chec
through the observable set introduced in Ref.@23#.

WhereasBd→p1p2 is already accessible at thee1e2 B
factories operating at theY(4S) resonance, BaBar, Belle
and CLEO, theBs→K1K2 mode can be studied nicely a
hadron machines, i.e., at run II of the Tevatron and at
experiments of the CERN Large Hadron Collider~LHC! era,
where the strategy sketched above may lead to experime
accuracies forg of O(10°) @24# and O(1°) @25#, respec-
tively. Unfortunately, experimental data onBs→K1K2 are
not yet available. However, sinceBs→K1K2 is related to
Bd→p7K6 through an interchange of spectator quar
SU(3) flavor-symmetry arguments and plausible dynami
assumptions allow us to replaceBs→K1K2 approximately
by Bd→p7K6, which can already be explored at theB fac-
tories. A key element of our analysis is the ratio of t
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CP-averagedBd→p1p2 andBd→p7K6 branching ratios,
which can be expressed in terms ofg and hadronic penguin
parameters. As pointed out in Ref.@26#, constraints on the
latter quantities can be obtained from this observable, allo
ing an interesting comparison with theoretical predictions

In our analysis, we shall follow these lines to explore a
allowed regions in the space of theCP asymmetries of the
Bd→p1p2, Bs→K1K2 system, and constraints ong. To
this end, we first use Eq.~3! to fix the Bd

0-Bd
0 mixing phase

fd , yielding the twofold solution~5!. For a given value of
the mixing-inducedCP asymmetryA CP

mix(Bd→p1p2), the
ratio of the CP-averagedBd→p1p2 and Bd→p7K6

branching ratios allows us then to determine the directCP
asymmetryA CP

dir (Bd→p1p2) as a function ofg. Conse-
quently, measuring these observables, we may extract
angle. Moreover, the corresponding hadronic penguin par
eters can be determined as well. On the other hand, if
assume thatA CP

mix(Bd→p1p2) lies within a certain given
range, bounds onA CP

dir (Bd→p1p2) andg can be obtained,
depending on the choice offd . In particular, we may as-
sume that the mixing-inducedCP asymmetry A CP

mix(Bd

→p1p2) is positive or negative, leading to very differen
situations.

Since experimental data for the direct and mixing-induc
CP asymmetries ofBd→p1p2 are already available from
theB factories, we may now start to fill these strategies w
life:1

A CP
dir ~Bd→p1p2!5H 20.0260.2960.07 ~BaBar @27#!,

20.9420.25
10.3160.09 ~Belle @28# !,

~6!

A CP
mix~Bd→p1p2!5H 0.0160.3760.07 ~BaBar @27# !,

1.2120.3820.16
10.2710.13 ~Belle @28# !,

~7!

yielding the naive averages

A CP
dir ~Bd→p1p2!520.4860.21,

A CP
mix~Bd→p1p2!50.6160.26. ~8!

Unfortunately, the BaBar results, which are an update of
values given in Ref.@29#, and those of the first Belle mea
surement are not fully consistent with one another. In c
trast with BaBar, Belle signals large direct and mixin
inducedCP violation in Bd→p1p2, and points towards a
positive value ofA CP

mix(Bd→p1p2). As we shall point out
in this paper, the following picture arises now: for a positi
observableA CP

mix(Bd→p1p2), as indicated by Belle, the so
lution of fd being in agreement with the ‘‘indirect’’ fits of
the unitarity triangle@30#, yielding fd;45°, allows us to
accommodate also the corresponding values forg around

1The connection between our notation and those employed
Refs. @27,28# is as follows: A CP

dir (Bd→p1p2)51Cpp
BaBar

52A pp
Belle andA CP

mix(Bd→p1p2)52Spp
BaBar52Spp

Belle .
9-2
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60°, whereas a gap aroundg;60° arises for the secon
solution of fd . On the other hand, varyingA CP

mix(Bd

→p1p2) within its whole negative range,g remains rather
unconstrained in the physically most interesting region. U
ing the experimental averages given in Eq.~8!, we obtain
28°&g&74° (fd551°) and 106°&g&152° (fd5129°).
Interestingly, there are some indications thatg may actually
be larger than 90°, which may then point towards the unc
ventional solution of fd5129°. The negative sign o
A CP

dir (Bd→p1p2) implies that a certainCP-conserving
strong phaseu has to lie within the range 0°,u,180°. In
the future, improved experimental data will allow us to e
tractg and the relevant hadronic parameters in a much m
stringent way@15,26#.

Following a different avenue, implications of the me
surements of theCP asymmetries ofBd→p1p2 were also
investigated by Gronau and Rosner in Ref.@31#. The main
differences to our analysis are as follows: in Ref.@31#, the
Bd→p1p2 observables are expressed in terms ofa andb,
the ‘‘tree’’ amplitude Tpp is estimated using factorizatio
and data onB→p ln, and the ‘‘penguin’’ amplitudePpp is
fixed through theCP-averagedB6→p6K branching ratio
with the help ofSU(3) flavor-symmetry and plausible dy
namical assumptions. In contrast, we express the observa
in terms ofg and the generalBd

0-Bd
0 mixing phasefd , which

is equal to 2b in the standard model, and use the ratio of t
CP-averagedBd→p1p2 andBd→p7K6 branching ratios
as an additional observable to deal with the penguin con
butions, requiring alsoSU(3) flavor-symmetry and plausibl
dynamical assumptions. We prefer to follow these lin
since we then do not have to make a separation between
and penguin amplitudes, which is complicated by lon
distance contributions, and do not have to use factoriza
to estimate the overall magnitude of the tree-diagra
dominated amplitudeTpp ; factorization is only used in ou
approach to take into accountSU(3)-breaking effects. As far
as the weak phases are concerned, we prefer to useg and
fd , since the results for the former quantity can then
compared directly with constraints from other process
whereas the latter can anyway be determined straigh
wardly from mixing-inducedCP violation in Bd→J/cKS up
to a twofold ambiguity, also if there should beCP-violating
new-physics contributions toBd

0-Bd
0 mixing. This way, we

obtain an interesting link between the two solutions forfd
and the allowed ranges forg, as we have noted above.

It should be emphasized that the parametrization of
CP-violating Bd→p1p2 observables in terms ofg andfd
is actually more direct than the one in terms ofa andb, as
the appearance ofa is due to the elimination ofg with the
help of the unitarity relationg5180°2a2b. If there were
negligible penguin contributions toBd→p1p2, mixing-
inducedCP violation in this channel would allow us to de
termine the combinationfd12g, which is equal to22a in
the standard model. On the other hand, in the presenc
significant penguin contributions, as indicated by experim
tal data, it is actually more advantageous to keepfd andg in
the parametrization of theBd→p1p2 observables. More-
over, we may then also investigate straightforwardly the
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pact of possibleCP-violating new-physics contributions to
Bd

0-Bd
0 mixing, which may yield the unconventional value o

fd5129°. These features will become obvious when
turn to the details of our approach.

Another important aspect of our study is an analysis of
decayBs→K1K2, which is particularly promising for had
ronic B experiments. Using the experimental results for t
ratio of the CP-averagedBd→p1p2 and Bd→p7K6

branching ratios, we obtain a very constrained allowed
gion in the A CP

mix(Bs→K1K2) –A CP
dir (Bs→K1K2) plane

within the standard model. If future measurements sho
actually fall into this very restricted target range in obse
able space, the combination ofBs→K1K2 with Bd
→p1p2 through theU-spin flavor symmetry of strong in
teractions allows a determination ofg, as we have noted
above. On the other hand, if the experimental results sho
show a significant deviation from the standard-model ran
in observable space, a very exciting situation would ar
immediately, pointing towards new physics.

The outline of this paper is as follows. In Sec. II, we fir
turn to the allowed regions in observable space ofB→pK
decays, and give a new kind of contour plots, allowing us
read off directly the preferred ranges forg and strong phase
from the experimental data. In Sec. III, we then discuss
general formalism to deal with theBd→p1p2, Bs
→K1K2 system, and show how constraints on the relev
penguin parameters can be obtained from data onBd
→p7K6. The implications for the allowed regions in ob
servable space for the decaysBd→p1p2 and Bs→K1K2

will be explored in Secs. IV and V, respectively. In our ana
sis, we shall also discuss the impact of theoretical uncert
ties, and comment on certain simplifications, which could
made by using a rather moderate input from factorizati
Finally, we summarize our conclusions and give a brief o
look in Sec. VI.

II. ALLOWED REGIONS IN B\pK OBSERVABLE SPACE

A. Amplitude parametrizations and observables

The starting point of analyses of theB→pK system is the
isospin flavor symmetry of strong interactions, which impli
the following amplitude relations:

A2A~B1→p0K1!1A~B1→p1K0!

5A2A~Bd
0→p0K0!1A~Bd

0→p2K1!

52@ uT1CueidT1Ceig1PEW#}@eig1qEW#. ~9!

HereT andC denote the strong amplitudes describing col
allowed and color-suppressed tree-diagram-like topolog
respectively, PEW is due to color-allowed and color
suppressed EW penguins,dT1C is a CP-conserving strong
phase, andqEW denotes the ratio of EW to tree-diagram-lik
topologies. A relation with an analogous phase struct
holds also for the ‘‘mixed’’B1→p1K0, Bd

0→p2K1 sys-
tem. Because of these relations, the following combinati
of B→pK decays were considered in the literature to pro
g:
9-3



it
le

s
s
e
n
s

he
fs
e
re

o

ters
r-

this

a

ter-

f.
se
th

ess
ch

eu-

e

,
aring

und

ts
.
ed
e

in

,

n

s.

ROBERT FLEISCHER AND JOAQUIM MATIAS PHYSICAL REVIEW D66, 054009 ~2002!
The ‘‘mixed’’ B6→p6K, Bd→p7K6 system@7–10#.
The ‘‘charged’’B6→p6K, B6→p0K6 system@11–13#.
The ‘‘neutral’’ Bd→p0K, Bd→p7K6 system@13,14#.
Interestingly, alreadyCP-averagedB→pK branching ra-

tios may lead to nontrivial constraints ong @8,11#. In order to
go beyond these bounds and to determineg, CP-violating
rate differences also have to be measured. To this end,
convenient to introduce the following sets of observab
@13#:

H R

A0
J [FBR~Bd

0→p2K1!6BR~Bd
0→p1K2!

BR~B1→p1K0!1BR~B2→p2K0!
GtB1

tB
d
0

,

~10!

H Rc

A0
cJ [2FBR~B1→p0K1!6BR~B2→p0K2!

BR~B1→p1K0!1BR~B2→p2K0!
G ,

~11!

H Rn

A0
nJ [

1

2 FBR~Bd
0→p2K1!6BR~Bd

0→p1K2!

BR~Bd
0→p0K0!1BR~Bd

0→p0K0!
G ,

~12!

where theR(c,n) are ratios ofCP-averaged branching ratio
and theA0

(c,n) representCP-violating observables. In Table
I and II, we have summarized the present status of th
quantities implied by theB-factory data. The averages give
in these tables were calculated by simply adding the error
quadrature.

The purpose of the following considerations is not t
extraction ofg, which has been discussed at length in Re
@7–14#, but an analysis of the allowed regions in th
R(c,n) –A0

(c,n) planes arising within the standard model. He
we go beyond our previous paper@16# in two respects: first,
we consider not only the mixed and chargedB→pK sys-
tems, but also the neutral one, as advocated in Refs.@13,14#.
Second, we include contours in the allowed regions that c

TABLE I. CP-conservingB→pK observables as defined i
Eqs. ~10!–~12!. For the evaluation ofR, we have usedtB1 /tB

d
0

51.06060.029.

Observable CLEO@32# BaBar @33# Belle @34# Average

R 1.0060.30 0.9760.23 1.5060.66 1.1660.25
Rc 1.2760.47 1.1960.35 2.3861.12 1.6160.42
Rn 0.5960.27 1.0260.40 0.6060.29 0.7460.19

TABLE II. CP-violating B→pK observables as defined in Eq
~10!–~12!. For the evaluation ofA0, we have usedtB1 /tB

d
0

51.06060.029.

Observable CLEO@35# BaBar @27,33# Belle @28,36# Average

A0 0.0460.16 0.0560.06 0.0960.13 0.0660.07
A0

c 0.3760.32 0.0060.16 0.1460.51 0.1760.21
A0

n 0.0260.10 0.0560.07 0.0460.05 0.0460.04
05400
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respond to given values ofg andd (c,n) , thereby allowing us
to read off directly the preferred ranges for these parame
from the experimental data. The ‘‘indirect’’ fits of the unita
ity triangle favor the range

50°&g&70°, ~13!

which corresponds to the standard-model expectation for
angle@30#. Since theCP-violating parameter«K , describing
indirect CP violation in the neutral kaon system, implies
positive value of the Wolfenstein parameterh @37#,2 we shall
restrictg to 0°<g<180°.

To simplify our analysis, we assume that certain rescat
ing effects@39# play a minor role. Employing the formalism
discussed in Ref.@13# ~for an alternative description, see Re
@12#!, it would be possible to take into account also the
effects if they should turn out to be important. However, bo
the presently available experimental upper bounds onB
→KK branching ratios and the recent theoretical progr
due to the development of the QCD factorization approa
@40,41# are not in favor of large rescattering effects.

Following these lines, we obtain for the charged and n
tral B→pK systems

Rc,n5122r c,n~cosg2q!cosdc,n1v2r c,n
2 , ~14!

A0
c,n52r c,nsindc,nsing, ~15!

wheredc,n denotes aCP-conserving strong phase differenc
between tree-diagram-like and penguin topologies,r c,n mea-
sures the ratio of tree-diagram-like to penguin topologiesq
corresponds to the electroweak penguin parameter appe
in Eq. ~9!, and

v5A122q cosg1q2. ~16!

A detailed discussion of these parametrizations can be fo
in Ref. @13#. Using the SU(3) flavor symmetry to fix
uT1Cu throughB1→p1p0 @5#, we arrive at

r c5A2UVus

Vud
U f K

f p

uA~B1→p1p0!u

A^uA~B6→p6K !u2&
, ~17!

r n5UVus

Vud
U f K

f p

uA~B1→p1p0!u

A^uA~Bd→p0K !u2&
, ~18!

where the ratiof K / f p of the kaon and pion decay constan
takes into account factorizableSU(3)-breaking corrections
In Ref. @41#, nonfactorizable effects were also investigat
and found to play a minor role. In Table III, we collect th
present experimental results forr c and r n following from
Eqs. ~17! and ~18!, respectively. The electroweak pengu
parameterq can be fixed through theSU(3) flavor symmetry
@11# ~see also Ref.@7#!, yielding

2For a negative bag parameterBK , which appears unlikely to us
negativeh would be implied@38#.
9-4
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q50.713F0.38

Rb
G , ~19!

with

Rb5S 12
l2

2 D 1

l UVub

Vcb
U50.3860.08. ~20!

Taking into account factorizableSU(3) breaking, the centra
value of 0.71 is shifted to 0.68. For a detailed analysis wit
the QCD factorization approach, we refer the reader to R
@41#.

We may now use Eq.~14! to eliminate sindc,n in Eq. ~15!:

A0
c,n562r c,nA12F12Rc,n1v2r c,n

2

2r c,n~cosg2q!
G2

sing, ~21!

allowing us to calculateA0
c,n for given Rc,n as a function of

g; if we vary g between 0° and 180°, we obtain an allow
region in theRc,n–A0

c,n plane. This range can also be o

TABLE III. Experimental results forr c and r n .

Parameter CLEO@32# BaBar @33# Belle @34# Average

r c 0.2160.06 0.2160.05 0.3060.09 0.2460.04
r n 0.1760.06 0.2160.06 0.1960.12 0.1960.05
05400
n
f.

tained by varyingg anddc,n directly in Eqs.~14! and ~15!,
with 0°<g<180° and2180°<dc,n<1180°.

A similar exercise can also be performed for the mix
B→pK system. To this end, we just have to make approp
ate replacements of variables in Eqs.~14! and ~15!. Since
electroweak penguins contribute only in color-suppres
form to the corresponding decays, we may useq→0 in this
case to a good approximation. Moreover, we haver c,n→r ,
where the determination ofr requires the use of argumen
related to factorization@7,9# to fix the color-allowed ampli-
tude uTu, or the measurement ofBs→p6K7 @42#, which is
related toBd→p7K6 through theU-spin flavor symmetry
of strong interactions. The presently most refined theoret
study of r can be found in Ref.@41#, using the QCD factor-
ization approach. In our analysis, we shall consider the ra
0.14<r<0.26. Since we have to make use of dynami
arguments to fixq and r in the case of the mixedB→pK
system, it is not as clean as the charged and neutraB
→pK systems.

B. Numerical analysis

In Figs. 1 and 2, we show the allowed regions in obse
able space of the charged and neutralB→pK systems, re-
spectively. The crosses correspond to the averages of
experimental results given in Tables I and II, and the ellip
cal regions arise, if we restrictg to the standard-model rang
specified in Eq.~13!. The labels of the contours in~c! refer to
the values ofg for 2180°<dc,n<1180°, and those of~d!
FIG. 1. Allowed regions in theRc-A0
c plane:~a! corresponds to 0.20<r c<0.28 forq50.68 and~b! to 0.51<q<0.85 for r c50.24; the

elliptical regions arise if we restrictg to the standard-model range~13!. In ~c! and~d!, we show the contours for fixed values ofg andudcu,
respectively (r c50.24,q50.68).
9-5
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FIG. 2. Allowed regions in theRn-A0
n plane:~a! corresponds to 0.14<r n<0.24 forq50.68 and~b! to 0.51<q<0.85 for r n50.19; the

elliptical regions arise if we restrictg to the standard-model range~13!. In ~c! and~d!, we show the contours for fixed values ofg andudnu,
respectively (r n50.19, q50.68).
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to the values ofudc,nu for 0°<g<180°. Looking at these
figures, we observe that the experimental data fall pretty w
into the regions, which are implied by the standard-mo
expressions~14! and ~15!. However, the data points do no
favor the restricted region, which arises if we constraing to
its standard-model range~13!. To be more specific, let u
consider the contours shown in~c! and ~d!, allowing us to
read off the preferred values forg and udc,nu directly from
the measured observables. In the chargedB→pK system,
theB-factory data point towards values forg larger than 90°,
and udcu smaller than 90°. In the case of the neutralB
→pK system, the data are also in favor ofg.90°, but
prefer udnu to be larger than 90°. These features were a
pointed out in@14#; in Figs. 1 and 2, we can see them direc
from the data points. If future measurements should stab
at such a picture, we would have a very exciting situati
since values forg larger than 90° would be in conflict with
the standard-model range~13!, and the strong phasesdc and
dn are expected to be of the same order of magnitude;
torization would correspond to values around 0°. A possi
explanation for such discrepancies would be given by la
new-physics contributions to the electroweak penguin se
@14#. However, it should be kept in mind that we may al
have ‘‘anomalously’’ large flavor-symmetry breaking effec
A detailed recent analysis of the allowed regions in para
eter space ofg and dc,n that are implied by the presentB
→pK data can be found in Ref.@43#, where also very re-
stricted ranges forRc,n were obtained by contrainingg to its
standard-model expectation. AnotherB→pK study was re-
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cently performed in Ref.@44#, where theRc were calculated
for given values ofA0

(c) as functions ofg, and were com-
pared with the presentB-factory data.

In Fig. 3, we show the allowed region in observable spa
of the mixed B→pK system. Here the crosses represe
again the averages of the experimentalB-factory results.
Since the expressions forR and A0 are symmetric with re-
spect to an interchange ofg andd for q50, the contours for
fixed values ofg andd are identical in this limit. Moreover,
we obtain the same contours forg→180°2g. The experi-
mental data fall well into the allowed region, but do not y
allow us to draw any further conclusions. In the charged a
neutral B→pK systems, the situation appears to be mu
more exciting.

Let us now turn to the main aspect of our analysis,
Bd→p1p2, Bs→K1K2 system. In our original paper@16#,
we have addressed these modes only briefly, giving in p
ticular a three-dimensional allowed region in the space of
CP asymmetries A CP

dir (Bs→K1K2), A CP
mix(Bs→K1K2)

andA CP
dir (Bd→p1p2). Here we follow Ref.@26#, and use

the CP-averagedBd→p7K6 branching ratio as an addi
tional input to explore separately the allowed regions in
space of theCP-violating Bd→p1p2 andBs→K1K2 ob-
servables, as well as contraints ong. The experimental situ-
ation has improved significantly since Refs.@16# and @26#
were written, pointing now to an interesting picture, althou
the uncertainties are still too large to draw definite conc
sions. However, these uncertainties will be reduced con
9-6
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FIG. 3. Allowed regions in theR-A0 plane:~a! corresponds to 0.14<r<0.26 for q50. In ~b!, we have chosenr 50.20 to show the
contours for fixed values ofg andd, which are identical forq50. Moreover, we obtain the same contours forg→180°2g.
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erably in the future due to the continuing efforts at theB
factories. Once theBs→K1K2 mode is accessible at had
ronic B experiments, more refined studies will be possible
the LHC era, the physics potential of theBd→p1p2, Bs
→K1K2 system can then be fully exploited. In this pap
we point out that the standard-model range inBs→K1K2

observable space is very constrained, thereby providin
narrow target range for these experiments.

III. BASIC FEATURES OF THE Bd\p¿pÀ, Bs\K¿KÀ

SYSTEM AND THE CONNECTION
WITH Bd\pÂKÁ

A. Amplitude parametrizations and observables

The decayBd
0→p1p2 originates fromb̄→d̄ quark-level

transitions. Within the standard model, it can be parametri
as follows@45#:

A~Bd
0→p1p2!5lu

(d)~ACC
u 1Apen

u !1lc
(d)Apen

c 1l t
(d)Apen

t ,

~22!

whereACC
u is due to ‘‘current-current’’ contributions, the am

plitudesApen
j describe ‘‘penguin’’ topologies with internalj

quarks (j P$u,c,t%), and the

l j
(d)[VjdVjb* ~23!

are the usual CKM factors. Employing the unitarity of th
CKM matrix and the Wolfenstein parametrization@37#, gen-
eralized to include non-leading terms inl[uVusu50.222
@46#, we arrive at@15#

A~Bd
0→p1p2!5C~eig2deiu!, ~24!

where

C[l3ARb~ACC
u 1Apen

ut !, ~25!

with Apen
ut [Apen

u 2Apen
t , and

deiu[
1

Rb
S Apen

ct

ACC
u 1Apen

ut D . ~26!
05400
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The quantity Apen
ct is defined in analogy toApen

ut , A
[uVcbu/l250.83260.033, andRb was already introduced
in Eq. ~20!. The ‘‘penguin parameter’’deiu measures—
roughly speaking—the ratio of theBd→p1p2 ‘‘penguin’’ to
‘‘tree’’ contributions.

Using the standard-model parametrization~24!, we obtain
@15#

A CP
dir ~Bd→p1p2!52F 2d sinu sing

122d cosu cosg1d2G , ~27!

A CP
mix~Bd→p1p2!

5
sin~fd12g!22d cosu sin~fd1g!1d2sinfd

122d cosu cosg1d2
,

~28!

wherefd52b can be determined with the help of Eq.~3!,
yielding the twofold solution given in Eq.~5!. Strictly speak-
ing, mixing-inducedCP violation in Bd→J/cKS probes
fd1fK , wherefK is related to the weakK0–K0 mixing
phase and is negligibly small in the standard model. Ho
ever, due to the small value of theCP-violating parameter
«K of the neutral kaon system,fK can only be affected by
very contrived models of new physics@47#.

In the case ofBs→K1K2, we have@15#

A~Bs
0→K1K2!5S l

12l2/2
D C8Feig1S 12l2

l2 D d8eiu8G ,

~29!

where

C8[l3A Rb~ACC
u8 1Apen

ut8! ~30!

and

d8eiu8[
1

Rb
S Apen

ct8

ACC
u8 1Apen

ut8D ~31!
9-7
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correspond to Eqs.~25! and ~26!, respectively. The primes
remind us that we are dealing with ab̄→ s̄ transition. Intro-
ducing

d̃8[
d8

e
with e[

l2

12l2
, ~32!

we obtain@15#

A CP
dir ~Bs→K1K2!5

2d̃8sinu8sing

112d̃8cosu8cosg1d̃82
, ~33!

A CP
mix~Bs→K1K2!

5
sin~fs12g!12d̃8cosu8sin~fs1g!1d̃82sinfs

112d̃8cosu8cosg1d̃82
,

~34!

where theBs
0–Bs

0 mixing phase

fs522l2h ~35!

is negligibly small in the standard model. Using the range
the Wolfenstein parameterh following from the fits of the
unitarity triangle@30# yields fs5O(22°). Experimentally,
this phase can be probed nicely throughBs→J/cf, which
allows an extraction offs also if this phase should be size
able due to new-physics contributions toBs

0–Bs
0 mixing @47–

49#.
It should be emphasized that Eqs.~27!, ~28! and~33!, ~34!

are completely general parametrizations of theCP-violating
Bd→p1p2 andBs→K1K2 observables, respectively, rely
ing only on the unitarity of the CKM matrix. If we assum
that fs is negligibly small, as in the standard model, the
four observables depend on the four hadronic parameted,
u, d8, andu8, as well as on the two weak phasesg andfd .
Consequently, we have not sufficient information to det
mine these quantities. However, sinceBd→p1p2 is related
to Bs→K1K2 through an interchange of all down an
strange quarks, theU-spin flavor symmetry of strong inter
actions implies

deiu5d8eiu8. ~36!

Making use of this relation, the parametersd, u, g, andfd
can be determined from theCP-violating Bd→p1p2, Bs
→K1K2 observables@15#. If we fix fd through Eq.~3!, the
use of theU-spin symmetry in the extraction ofg can be
minimized. Sincedeiu andd8eiu8 are defined through ratio
of strong amplitudes, theU-spin relation~36! is not affected
by U-spin-breaking corrections in the factorization appro
mation@15#, which gives us confidence in using this relatio
05400
r

e

-

-
.

B. Constraints on penguin parameters

In order to constrain the hadronic penguin paramet
through the CP-averaged Bd→p1p2 and Bs→K1K2

branching ratios, it is useful to introduce the following qua
tity @26#:

H[
1

e UC8

C U
2FMBd

MBs

F~MK /MBs
,MK /MBs

!

F~Mp /MBd
,Mp /MBd

!

tBs

tBd

G
3FBR~Bd→p1p2!

BR~Bs→K1K2!
G , ~37!

where

F~x,y![A@12~x1y!2#@12~x2y!2# ~38!

denotes the usual two-body phase-space function.
branching ratio BR(Bs→K1K2) can be extracted from the
‘‘untagged’’Bs→K1K2 rate@15#, where no rapid oscillatory
DMst terms are present@50#. In the strictU-spin limit, we
have

uC8u5uCu. ~39!

Corrections to this relation can be calculated using ‘‘fact
ization,’’ which yields

UC8

C U
fact

5
f K

f p

FBsK
~MK

2 ;01!

FBdp~Mp
2 ;01!

S MBs

2 2MK
2

MBd

2 2Mp
2 D , ~40!

where the form factorsFBsK
(MK

2 ;01) and FBdp(Mp
2 ;01)

parametrize the hadronic quark-current matrix eleme

^K2u(b̄u)V2AuBs
0& and^p2u(b̄u)V2AuBd

0&, respectively@51#.
Employing Eqs.~24! and ~29! gives

H5
122d cosu cosg1d2

e212ed8cosu8cosg1d82
. ~41!

Let us note that there is also an interesting relation betw
H and the corresponding directCP asymmetries@15#

H52S d sinu

d8sinu8
D 1

e F A CP
dir ~Bs→K1K2!

A CP
dir ~Bd→p1p2!

G . ~42!

Relations of this kind are a general feature ofU-spin-related
B decays@52#.

As can be seen in Eq.~41!, if we use theU-spin relation
~36!, H allows us to determine

C[cosu cosg ~43!

as a function ofd @26#:

C5
a2d2

2bd
, ~44!

where
9-8
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a[
12e2H

H21
and b[

11eH

H21
. ~45!

SinceC is the product of two cosines, it has to satisfy t
relation21<C<11, implying the following allowed range
for d:

12eAH

11AH
<d<

11eAH

u12AHu
. ~46!

An alternative derivation of this range, which holds forH
,1/e25372, was given in Ref.@53#.

C. Connection with Bd\pÂKÁ

As we have already noted, experimental data onBs
→K1K2 are not yet available. However, sinceBs→K1K2

and Bd→p7K6 differ only in their spectator quarks, w
have

A CP
dir ~Bs→K1K2!'A CP

dir ~Bd→p7K6!, ~47!

BR~Bs→K1K2!'BR~Bd→p7K6!
tBs

tBd

, ~48!

and obtain

H'
1

e S f K

f p
D 2FBR~Bd→p1p2!

BR~Bd→p7K6!
G

5H 7.362.9 ~CLEO@32# !,

9.061.5 ~BaBar@27# !,

8.563.7 ~Belle@34# !,

~49!

yielding the average

H58.361.6, ~50!

which has been calculated by simply adding the errors
quadrature. Clearly, the advantage of Eq.~49! is that it al-
lows us to determineH from the B-factory data, without a
measurement ofBs→K1K2. On the other hand—in contras
to Eq. ~37!—this relation relies not only onSU(3) flavor-
symmetry arguments, but also on a certain dynamical
sumption. The point is thatBs→K1K2 also receives contri-
butions from ‘‘exchange’’ and ‘‘penguin annihilation
topologies, which are absent inBd→p7K6. It is usually
assumed that these contributions play a minor role@6#. How-
ever, they may be enhanced through certain rescattering
fects@39#. The importance of the ‘‘exchange’’ and ‘‘pengui
annihilation’’ topologies contributing toBs→K1K2 can be
probed—in addition to Eqs.~47! and~48!—with the help of
Bs→p1p2. The naive expectation for the correspondi
branching ratio isO(1028); a significant enhancemen
would signal that the ‘‘exchange’’ and ‘‘penguin annihila
tion’’ topologies cannot be neglected. At run II of the Tev
tron, a first measurement ofBs→K1K2 will be possible.

In Fig. 4, which is an update of a plot given in Ref.@26#,
05400
n

s-

ef-

we show the dependence ofC on d arising from Eq.~44! for
various values ofH. Because of possible uncertainties arisi
from nonfactorizable corrections to Eq.~40! and the dynami-
cal assumptions employed in Eq.~48!, we consider the range

H57.563.5, ~51!

which is more conservative than Eq.~50!. The ‘‘circle’’ and
‘‘square’’ in Fig. 4 represent the predictions fordeiu pre-
sented in Refs.@41# and@54#, which were obtained within the
QCD factorization@40# and perturbative hard-scattering~or
‘‘PQCD’’ ! @55# approaches, respectively. The ‘‘error bar
correspond to the standard-model range~13! for g, whereas
the circle and square are evaluated forg560°. The shaded
region in Fig. 4 corresponds to a variation of

j[d8/d ~52!

within @0.8,1.2# for H57.5. As noted in Ref.@26#, the im-
pact of a sizable phase difference

Du[u82u, ~53!

representing the second kind of possible corrections to
~36!, is very small in this case.

Looking at Fig. 4, we observe that the experimental v
ues for H imply a rather restricted range ford, satisfying
0.2&d&1. Moreover, the curves are not in favor of an i
terpretation of the QCD factorization and PQCD predictio
for deiu within the standard model. In the latter case, t
prediction is somewhat closer to the ‘‘experimental’’ curve
This feature is due to the fact that theCP-conserving strong
phaseu may deviate significantly from its trivial value o
180° in PQCD,uPQCD5101° –130°, which is in contrast to
the result of QCD factorization, yielding uQCDF
5185° –193°. As a result, the PQCD approach may acco
modate large directCP violation in Bd→p1p2, up to the
50% level @54#, whereas QCD factorization prefers small
asymmetries, i.e., below the 20% level@41#. In a recent pa-
per @56#, it was noted that higher-order corrections to QC
factorization inB→pK,pp decays may enhance the corr

FIG. 4. The dependence ofC5cosu cosg on d for values ofH
lying within Eq. ~51!. The ‘‘circle’’ and ‘‘square’’ with error bars
represent the predictions of the QCD factorization@41# and PQCD
@54# approaches, respectively, for the standard-model range og
given in Eq.~13!. The shaded region corresponds to a variation oj
within @0.8,1.2# for H57.5.
9-9
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sponding predictions for theCP-conserving strong phase
thereby also enhancing the directCP asymmetries. Let us
also note that the authors of Ref.@57#, investigating the im-
pact of ‘‘charming’’ penguins on the QCD factorization a
proach forB→pK,pp modes, found values forA CP

dir (Bd

→p1p2) as large asO(50%).
Interestingly, the Belle measurement given in Eq.~6! is

actually in favor of large directCP violation in Bd
→p1p2. Since we restrictg to the range@0°,180°# in our
analysis, the negative sign ofA CP

dir (Bd→p1p2) implies

0°,u,180°, ~54!

as can be seen in Eq.~27!. Interestingly,uPQCD is consistent
with this range, i.e. the sign of the prediction forA CP

dir (Bd

→p1p2) agrees with the one favored by Belle, where
uQCDF lies outside, yielding the opposite sign for the dire
CP asymmetry.

Another interesting observation in Fig. 4 is that the the
retical predictions for the hadronic parameterdeiu could be
brought to agreement with the experimental curves for v
ues ofg larger than 90°@26#. In this case, the sign of cosg
becomes negative, and the circle and square in Fig. 4 m
to positive values ofC. Arguments forg.90° using B
→PP, PV, and VV decays were also given in Ref.@58#.
Moreover, as we have seen in Sec. II B, the charged
neutralB→pK systems may point towards such values fog
as well @14#.

The constraints arising fromH also have implications for
the CP-violating observables of theBd→p1p2, Bs
→K1K2 (Bd→p7K6) decays. In Ref.@26#, upper bounds
on the corresponding directCP asymmetries and an allowe
range forA CP

mix(Bd→p1p2) were derived as functions ofg.
05400
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Here we use the information provided byH to explore the
allowed regions in the space of theCP-violating Bd
→p1p2 and Bs→K1K2 observables, as well as con
straints ong. For other recent analyses of these decays,
refer the reader to Refs.@31,44,59#.

IV. ALLOWED REGIONS IN BD\p¿pÀ OBSERVABLE
SPACE

A. General formulas

The starting point of our considerations is the general
pression~28! for A CP

mix(Bd→p1p2), which allows us to
eliminate the strong phaseu in Eq. ~27!, yielding

A CP
dir ~Bd→p1p2!57F A4d22~u1vd2!2sing

~12u cosg!1~12v cosg!d2G ,

~55!

whereu andv are defined as in Ref.@15#:

u[
A CP

mix~Bd→p1p2!2sin~fd12g!

A CP
mix~Bd→p1p2!cosg2sin~fd1g!

, ~56!

v[
A CP

mix~Bd→p1p2!2sinfd

A CP
mix~Bd→p1p2!cosg2sin~fd1g!

. ~57!

It should be emphasized that Eq.~55! is valid exactly. If we
use the U-spin relation ~36!, we may also eliminateu
throughA CP

mix(Bd→p1p2) in Eq. ~41!. Taking into account,
moreover, the possible corrections to Eq.~36! through Eqs.
~52! and ~53!, we obtain the following expression ford2:
d25
AB1~22uv !S26uSuA4AB2~Av1Bu!214~12uv !S2

B21v2S2
, ~58!
e in
where

A[12e2H2u~11ejH cosDu!cosg, ~59!

B[j2H211v~11ejH cosDu!cosg, ~60!

S[ejH cosg sinDu. ~61!

In the limit of Du50°, Eq. ~58! simplifies to

d2uDu50°5
A

B
5

12e2H2u~11ejH !cosg

j2H211v~11ejH !cosg
. ~62!

If we now insertd2 thus determined into Eq.~55!, we may
calculateA CP

dir (Bd→p1p2) as a function ofg for given
values ofH, A CP
mix(Bd→p1p2) andfd . It is an easy exer-

cise to show that Eqs.~55! and ~58! are invariant under the
following replacements:

fd→180°2fd , g→180°2g, ~63!

which will have important consequences below.
In the following, we assume thatfd and H are known

from Eqs.~5! and~49!, respectively. If we then varyg within
@0°,180°# for each value of A CP

mix(Bd→p1p2)P@21,
11#, we obtain an allowed range in theA CP

mix(Bd

→p1p2) –A CP
dir (Bd→p1p2) plane. Restrictingg to Eq.

~13!, a more constrained region arises. The allowed rang
theA CP

mix(Bd→p1p2) –A CP
dir (Bd→p1p2) plane can be ob-

tained alternatively by eliminatingd throughH in Eqs.~27!
and ~28!, and then varyingg and u within the ranges of
@0°,180°# and @2180°,1180°#, respectively.
9-10
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FIG. 5. Allowed region in theA CP
mix(Bd→p1p2) –A CP

dir (Bd→p1p2) plane for ~a! fd551° and various values ofH, and ~b! fd

5129° andH57.5. The SM regions arise if we restrictg to Eq.~13! (H57.5). We have also included the contours arising for various fi
values ofg.
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A different approach to analyze the situation in t
A CP

mix(Bd→p1p2) –A CP
dir (Bd→p1p2) plane was em-

ployed in Ref.@31#. In this paper, the parameterdeiu intro-
duced in Eq.~26! is written as2Ppp /Tpp , where the mag-
nitude of the ‘‘penguin’’ amplitudePpp is fixed through the
CP-averaged branching ratio of the penguin-dominated
cay B6→p6K with the help ofSU(3) flavor-symmetry ar-
guments and plausible dynamical assumptions, concer
the neglect of an annihilation amplitudeA. In order to deal
with Tpp}(ACC

u 1Apen
ut ), the penguin pieceApen

ut is neglected,
and the magnitude of the ‘‘tree’’ amplitudeACC

u is estimated
using factorization and data onB→p ln, yielding d
[uPpp /Tppu50.27660.064@44#.3 Moreover, using the uni-
tarity relation g5180°2a2b to eliminateg, the observ-
ables A CP

mix(Bd→p1p2) and A CP
dir (Bd→p1p2) are ex-

pressed in terms ofa, b and Ppp /Tpp . Fixing b to be
equal to the standard model solution of 26° implied byBd
→J/cKS, and estimatinguPpp /Tppu as sketched above
A CP

mix(Bd→p1p2) and A CP
dir (Bd→p1p2) depend only on

a andu. For each given value ofa, the variation ofu within
the range@2180°,1180°# specifies then a contour in th
A CP

mix(Bd→p1p2) –A CP
dir (Bd→p1p2) plane, holding

within the standard model.
In our analysis, we prefer to useH as an additional ob-

servable to deal with the penguin contributions, i.e., with
parameterdeiu, since we then do not have to make a se
ration betweenPpp andTpp , and in particular do not have
to rely on the naive factorization approach to estimate
overall magnitude ofTpp , which is governed by color-
allowed tree-diagram-like processes, but may also be
fected by penguin contributions. In our approach, factori
tion is only used to includeSU(3)-breaking effects.
Concerning the parametrization in terms of weak phases
prefer to useg and the generalBd

0-Bd
0 mixing phasefd ,

since the results for the former quantity can then be co
pared easily with constraints from other processes, whe
the latter can anyway be fixed straighforwardly throu

3The dynamical assumptions concerningA and Apen
ut may be af-

fected by large rescattering effects@39#.
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mixing-inducedCP violation in Bd→J/cKS up to a twofold
ambiguity, also if there should beCP-violating new-physics
contributions toBd

0-Bd
0 mixing. This way, we obtain an inter

esting connection between the two solutions forfd and the
allowed ranges forg, as we will see in the next subsectio

B. Numerical analysis

In Fig. 5, we show the situation in theA CP
mix(Bd

→p1p2) –A CP
dir (Bd→p1p2) plane for the central value

of the two solutions forfd given in Eq.~5!, and values ofH
lying within Eq. ~51!. The impact of the present experiment
uncertainty offd is already very small, and will becom
negligible in the future. In order to calculate Fig. 5, we ha
used, for simplicity,j51 andDu50°; the impact of varia-
tions of these parameters will be discussed in Sec. IV C.
contours in Fig. 5 arise, if we fixg to the values specified
through the labels, and varyu within @2180°,1180°#. We
have also indicated the region which arises if we restrictg to
the standard-model range~13!. The crosses describe the e
perimental averages given in Eq.~8!.

We observe that the experimental averages overla
within their uncertainties—nicely with the SM region fo
fd551°, and point towardsg;50°. In this case, not onlyg
would be in accordance with the results of the fits of t
unitarity triangle@30#, but also theBd

0-Bd
0 mixing phasefd .

On the other hand, forfd5129°, the experimental value
favor g;130°, and have essentially no overlap with the S
region. This feature is due to the symmetry relations given
Eq. ~63!. Since a value of fd5129° would require
CP-violating new-physics contributions toBd

0-Bd
0 mixing,

also theg range in Eq.~13! may no longer hold, as it relies
strongly on a standard-model interpretation of the exp
mental information onBd,s

0 -Bd,s
0 mixing @30#. In particular,

also values forg larger than 90° could then in principle b
accommodated. As we have noted in Sec. III C, theoret
analyses ofdeiu would actually favor values forg being
larger than 90°, provided that the corresponding theoret
uncertainties are reliably under control, and that theBd
→p1p2, Bs→K1K2 system is still described by th
standard-model parametrizations. In this case, Eq.~8! would
9-11
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ROBERT FLEISCHER AND JOAQUIM MATIAS PHYSICAL REVIEW D66, 054009 ~2002!
FIG. 6. Dependence ofuA CP
dir (Bd→p1p2)u on g for various values ofA CP

mix(Bd→p1p2) in the case ofH57.5. In~a! and~b!, we have
chosenfd551° andfd5129°, respectively. The shaded region arises from a variation ofA CP

mix(Bd→p1p2) within @0,11#. The corre-
sponding plots for negativeA CP

mix(Bd→p1p2) are shown in~c! and~d! for fd551° andfd5129°, respectively. We have also included t
bands arising from the experimental averages in Eq.~8!.
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point towards aBd
0-Bd

0 mixing phase of 129°, which would
be a very exciting situation.

Consequently, it is very important to resolve the twofo
ambiguity arising in Eq.~5! directly. To this end, cosfd has
to be measured as well. For the resolution of the disc
ambiguity, already a determination of the sign of cosfd
would be sufficient, where a positive result would imply th
fd is given by 51°. There are several strategies on the m
ket to accomplish this goal@49,60#. Unfortunately, they are
challenging from an experimental point of view and w
require a couple of years of taking further data at theB
factories.

In order to put these observations on a more quantita
basis, we show in Fig. 6 the dependences ofuA CP

dir (Bd

→p1p2)u on g for given values ofA CP
mix(Bd→p1p2). For

the two solutions offd , an interesting difference arises,
we consider positive and negative values of the mixin
inducedCP asymmetry, as done in~a!, ~b! and ~c!, ~d!, re-
spectively, In the former case, we obtain the followingex-
cludedranges forg:

86°&g&140°~fd551°!, 40°&g&94°~fd5129°!.
~64!

Consequently, forfd551°, we can conveniently accommo
date the standard-model range~13!, in contrast to the situa
05400
te

t
r-

e

-

tion for fd5129°. On the other hand, if we consider neg
tive values ofA CP

mix(Bd→p1p2), we obtain the following
allowed ranges forg:

50°&g&160°~fd551°!, 20°&g&130°~fd5129°!.
~65!

In this case, both ranges would contain Eq.~13!, and the
situation would not be as exciting as for a positive value
A CP

mix(Bd→p1p2). These features can be understood in
rather transparent manner from the extremal values
A CP

mix(Bd→p1p2) derived in Ref.@26#.
In Fig. 6, we have also included bands, which are due

the present experimental averages given in Eq.~8!. Interest-
ingly, a positive value ofA CP

mix(Bd→p1p2) is now favored
by the data. From the overlap of theA CP

mix(Bd→p1p2) and
uA CP

dir (Bd→p1p2)u bands we obtain the following solution
for g:

28°&g&74°~fd551°!, 106°&g&152°~fd5129°!.

~66!

In the future, the experimental uncertainties will be reduc
considerably, thereby providing much more stringent res
for g. Moreover, it should be emphasized that alsod can be
determined with the help of Eq.~58!. Going then back to Eq
~44!, we may extract cosu as well, which allows an unam
9-12
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FIG. 7. Impact of a variation ofj within @0.8,1.2# for H57.5 on ~a!, ~b! the allowed ranges in theA CP
mix(Bd→p1p2) –A CP

dir (Bd

→p1p2) plane, and~c!, ~d! theg –uA CP
dir (Bd→p1p2)u plane for positive values ofA CP

mix(Bd→p1p2), as explained in the text. We hav
usedfd551° andfd5129° in ~a!, ~c! and ~b!, ~d!, respectively.
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biguous determination ofu because of Eq.~54!. Before we
come back to this issue in Sec. IV D, where we shall hav
brief look at factorization and the discrete ambiguities a
ing typically in the extraction ofg from the contours shown
in Fig. 6, let us first turn to the uncertainties associated w
the parametersj andDu.

C. Sensitivity on j and Du

In the numerical analysis discussed in Sec. IV B, we h
usedj51 andDu50°. Let us now investigate the sensitiv
ity of our results on deviations ofj from 1, and sizeable
values ofDu. The formulas given in Sec. IV A take int
account these parameters exactly, thereby allowing u
study their effects straightforwardly. It turns out that the im
pact ofDu is very small,4 even for values as large as620°.
Consequently, the most important effects are due to the
rameterj. In Fig. 7, we useH57.5 to illustrate the impact o
a variation ofj within the range@0.8,1.2#: in ~a! and~b!, we
show the allowed region in the A CP

mix(Bd

→p1p2) –A CP
dir (Bd→p1p2) plane forfd551° and 129°,

respectively, including also the regions, which arise if
restrictg to the standard-model range~13!. In ~c! and~d!, we
show the corresponding situation in theg –uA CP

dir (Bd

4We shall give a plot illustrating the impact ofDuÞ0° on the
Bs→K1K2 analysis in Sec. V B.
05400
a
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h

e

to
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a-

→p1p2)u plane for positive values ofA CP
mix(Bd→p1p2).

Here we have also included the bands arising from
present experimental values forCP violation in Bd
→p1p2. We find that a variation ofj within @0.8,1.2# af-
fects our result~66! for g as follows:

~2862!°&g&~7466!°~fd551°!,

~10666!°&g&~15262!°~fd5129°!. ~67!

For future reduced experimental uncertainties ofuA CP
dir (Bd

→p1p2)u, also the holes in Figs. 7~c! and 7~d! may have
an impact ong, excluding certain values. The impact of th
hole is increasing for decreasing values ofj. In Figs. 7~c!
and 7~d!, only the smallest holes forj51.2 are shown,
whereas those correspondingj51.0 andj50.8 are hidden.

The range forj considered in Figs. 4 and 7 appears rath
conservative to us, since Eq.~36! is not affected byU-spin-
breaking corrections within the factorization approach,
contrast to Eq.~39!, as can be seen in Eq.~40!. Nonfactor-
izable corrections to the latter relation would show up a
systematic shift ofH, and could be taken into accoun
straightforwardly in our formalism.

D. Comments on factorization and discrete ambiguities

As we have noted in the Introduction, the present BaB
and Belle measurements ofCP violation in Bd→p1p2 are
not fully consistent with each other. Whereas Belle is in
9-13
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ROBERT FLEISCHER AND JOAQUIM MATIAS PHYSICAL REVIEW D66, 054009 ~2002!
FIG. 8. The dependence ofA CP
mix(Bd→p1p2) on g arising from Eq.~71! with Eq. ~68! for c5c851. In ~a! and ~b!, we have chosen

fd551° andfd5129°, respectively. We have also indicated the small shifts of the curves for a variation ofu5u8 between 160° and 200°
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vor of very largeCP asymmetries in this channel, the centr
values obtained by BaBar are close to zero. The Belle re
and the average forA CP

dir (Bd→p1p2) given in Eq.~8! can-
not be accommodated within the factorization picture, p
dicting u;180°. On the other hand, this framework wou
still be consistent with BaBar. Let us therefore spend so
time on simplifications of the analysis given above that c
be obtained by using a rather mild input from factorizatio

If we look at Eq. ~28! and ~41!, we observe that
A CP

mix(Bd→p1p2) andH depend only on cosines of stron
phases, which would be equal to21 within factorization. In
contrast to sinu, the value of cosu is not very sensitive to
deviations ofu from uu fact;180°, i.e., to nonfactorizable ef
fects. Using Eq.~41!, we obtain

d5b̃ cosg1Aã1~ b̃ cosg!2, ~68!

where

ã[
12e2H

j2H21
, b̃[

c1c8ejH

j2H21
~69!

with

c[2cosu, c8[2cosu8 ~70!

are generalizations ofa and b introduced in Eq.~45!. The
parametersc andc8 allow us to take into account deviation
from the strict factorization limit, implyingc5c851. We
may now calculate

A CP
mix~Bd→p1p2!

5
sin~fd12g!12dc sin~fd1g!1d2sinfd

112dc cosg1d2
~71!

with the help of Eq.~68! as a function ofg.
In Fig. 8, we show the corresponding curves for vario

values ofH in the case ofc5c851; we have again to dis
tinguish between~a! fd551° and ~b! fd5129°. For a
variation ofu5u8 between 160° and 200°, we obtain ve
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small shifts of these curves, as indicated in the figure.
A CP

mix(Bd→p1p2);0, as favored by the present BaBar r
sult, we would obtain

g;86°~160°~fd551°!, g;40°~130°~fd5129°!.
~72!

Using Eq. ~68! once more or the curves shown in Fig.
yields

d;0.4~0.2~fd551°!, d;0.6~0.3~fd5129°!.
~73!

Since, as we have seen in Sec. III C, theoretical estim
preferd;0.3, the solutions forg larger than 90° would be
favored. In Eqs.~72! and ~73!, we obtain such solutions fo
both possible values offd .

The contours shown in Fig. 6 hold of course also in t
case ofA CP

dir (Bd→p1p2);0. However, we have then to
deal with a fourfold discrete ambiguity in the extraction ofg
for each of the two possible values offd . Using the input
about the cosines of strong phases from factorizationc;c8
;1, these fourfold ambiguities are reduced forA CP

mix(Bd

→p1p2);0 to the twofold ones given in Eq.~72!. A simi-
lar comment applies also to other contours in Fig. 6.

Let us consider the contour corresponding toA CP
mix(Bd

→p1p2)50.6, which agrees with the central value in E
~8!, to discuss this issue in more detail. For values
uA CP

dir (Bd→p1p2)u*0.5, we would obtain no solutions fo
g. If, for instance,uA CP

dir (Bd→p1p2)u should stabilize at
0.8, we would have an indication for new physics. In t
case ofuA CP

dir (Bd→p1p2)u;0.5, the corresponding hori
zontal line touches theA CP

mix(Bd→p1p2)50.6 contours,
yielding g;50° and 130° forfd551° andfd5129°, re-
spectively. Moreover,u;90° andd;0.4 would be preferred
in this case. Foru5u8590°, expression~41! implies

d5A12e2H

j2H21
, ~74!

which yieldsd50.39 for H57.5. It is amusing to note tha
u590° and d50.39 give for (g,fd)5(47°,51°) and
(133°,129°) the observablesA CP

dir (Bd→p1p2)520.49
9-14
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FIG. 9. Correlations for theBd→p1p2, Bs→K1K2'Bd→p7K6 system: ~a! and ~b! are the allowed regions in theA CP
mix(Bd

→p1p2) –A CP
dir (Bd→p7K6) plane forfd551° andfd5129°, respectively. In~c! and~d!, we consider theg –uA CP

dir (Bd→p7K6)u plane
for various values ofA CP

mix(Bd→p1p2) in the case offd551° andfd5129°, respectively.
t

o

t
th
ee

t

ta
B

ues

r-
we

of
n

ives
andA CP
mix(Bd→p1p2)510.60, which are both in excellen

agreement with Eq.~8!. If we reduce the value ofuA CP
dir (Bd

→p1p2)u below 0.5, we obtain a twofold solution forg,
where the branches on the left-hand sides correspond t
&u&90° and those on the right-hand side to 90°&u
&180°. Consequently, the latter ones would be closer
factorization, and would also be in accordance with
PQCD analysis discussed in Sec. III C. As we have s
there, these theoretical predictions fordeiu seem to favorg
.90°, and would hence require thatfd5129° in Fig. 6. For
values ofuA CP

dir (Bd→p1p2)u below 0.1, we would arrive a
the fourfold ambiguities forg discussed above.

It will be very exciting to see in which direction the da
will move. We hope that the discrepancy between the Ba
and Belle results will be resolved in the near future.

E. Correlations betweenBd\p¿pÀ and Bd\pÂKÁ

Because of Eqs.~42! and ~47!, it is also interesting to
consider theCP asymmetry inBd→p7K6 decays instead
of A CP

dir (Bd→p1p2). The presently availableB-factory
measurements give

A CP
dir ~Bd→p7K6!5H 0.0460.16 ~CLEO @35# !

0.0560.0660.01 ~BaBar @27# !

0.0660.08 ~Belle @28# !,
~75!
05400
0°
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yielding the average

A CP
dir ~Bd→p7K6!50.0560.06. ~76!

On the other hand, inserting the experimental central val
for A CP

dir (Bd→p1p2) and H into Eq. ~47! yields A CP
dir (Bd

→p7K6);0.2. In view of the present experimental unce
tainties, this cannot be considered as a discrepancy. If
employ Eq.~42! and take into account Eqs.~52! and~53!, we
obtain

A CP
dir ~Bd→p7K6!'A CP

dir ~Bs→K1K2!

52ejHFcosDu6
~u1vd2!sinDu

A4d22~u1vd2!2G
3A CP

dir ~Bd→p1p2!, ~77!

whereA CP
dir (Bd→p1p2) is given by Eq.~55!, with d2 fixed

through Eq.~58!.
In Fig. 9, we collect the plots corresponding to those

the pureBd→p1p2 correlations given in Figs. 5 and 6: i
~a! and ~b!, we show the allowed ranges in theA CP

mix(Bd

→p1p2) –A CP
dir (Bd→p7K6) plane for fd551° and fd

5129°, respectively, whereas the curves in~c! and~d! illus-
trate the corresponding situation in theg –uA CP

dir (Bd

→p7K6)u plane for positive values ofA CP
mix(Bd→p1p2).

We observe that the overlap of the experimental bands g
9-15
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FIG. 10. Allowed region in theA CP
mix(Bs→K1K2) –A CP

dir (Bs→K1K2) plane for ~a! fs50° and various values ofH and ~b! fs

530°, illustrating the impact of possibleCP-violating new-physics contributions toBs
0–Bs

0 mixing. The SM regions arise if we restrictg
to Eq. ~13! (H57.5). We have also included the contours corresponding to various fixed values ofg.
o
y
us
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solutions forg that are consistent with Eq.~66!, although we
have now also two additional ranges for eachfd due to the
small central value of Eq.~76!.

If we consider the allowed regions in observable space
the direct and mixing-inducedCP asymmetries of the deca
Bs→K1K2, we obtain a very constrained situation. Let
next have a closer look at this particularly interesting tran
tion.

V. ALLOWED REGIONS IN BS\K¿KÀ OBSERVABLE
SPACE

A. General formulas

From a conceptual point of view, the analysis of the dec
Bs→K1K2 is very similar to the one ofBd→p1p2. If we
use Eq.~34! to eliminateu8 in Eq. ~33!, we arrive at
05400
f

i-

y

A CP
dir ~Bs→K1K2!56F A4d̃822~u81v8d̃82!2sing

~12u8cosg!1~12v8cosg!d̃82G ,

~78!

whereu8 andv8 correspond tou andv, respectively, and are
given by

u8[
A CP

mix~Bs→K1K2!2sin~fs12g!

A CP
mix~Bs→K1K2!cosg2sin~fs1g!

, ~79!

v8[
A CP

mix~Bs→K1K2!2sinfs

A CP
mix~Bs→K1K2!cosg2sin~fs1g!

. ~80!

In analogy to Eq.~55!, Eq. ~78! is also an exact expression
Making use of Eq.~36!, the mixing-inducedCP asymmetry
A CP

mix(Bs→K1K2) allows us to eliminateu8 also in Eq.

~41!, thereby providing an expression ford̃82. If we take into
account, furthermore, Eqs.~52! and ~53!, we obtain
d̃825
A8B81~22u8v8!S826uS8uA4A8B82~A8v81B8u8!214~12u8v8!S82

B821v82S82
, ~81!
se
the
with

A8[~e2H21!j22eju8~cosDu1ejH !cosg, ~82!

B8[e@e~12j2H !1jv8~cosDu1ejH !cosg#, ~83!

S8[ej cosg sinDu. ~84!

In the limit of Du50°, Eq. ~81! simplifies to
d̃82uDu50°5
A8

B8
5

~e2H21!j22eju8~11ejH !cosg

e@e~12j2H !1jv8~11ejH !cosg#
.

~85!

As in the case ofBd→p1p2, Eqs.~78! and~81! are invari-
ant under the following symmetry transformation:

fs→180°2fs , g→180°2g. ~86!

Since fs is negligibly small in the standard model, the
symmetry relations may only be of academic interest in
case ofBs→K1K2. On the other hand,fs could in principle
9-16
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FIG. 11. Impact of variations of~a! jP@0.8,1.2# and ~b! DuP@220°,120°# on the allowed region in theA CP
mix(Bs

→K1K2) –A CP
dir (Bs→K1K2) plane forfs50° (H57.5). In ~b!, d1 andd2 correspond to the two solutions ford̃82 arising in Eq.~81!.
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also be close to 180°. In this case,Bs→J/cf would not
showCP-violating effects, as in the standard model. Stra
gies to distinguish betweenfs50° and 180° were addresse
in Ref. @49#.

B. Numerical analysis

In analogy to our study ofBd→p1p2 in Sec. IV, we may
now straightforwardly calculate the allowed region in t
A CP

mix(Bs→K1K2) –A CP
dir (Bs→K1K2) plane. In Fig. 10, we

show these correlations for~a! a negligibleBs
0–Bs

0 mixing
phasefs , and~b! a value offs530°, illustrating the impact
of possible CP-violating new-physics contributions t
Bs

0–Bs
0 mixing. We have also indicated the contours cor

sponding to various fixed values ofg, and the region, which
arises if we restrictg to the standard-model range~13!. In
contrast to Fig. 5, the allowed region is now very co
strained, thereby providing a narrow target range for run I
the Tevatron and the experiments of the LHC era. As
have seen in Sec. IV E, the experimental constraints
A CP

dir (Bd→p7K6) exclude already very large directCP
violation in this channel. Because of Eq.~47!, we expect a
similar situation inBs→K1K2, which is in accordance with
Fig. 10. The allowed range forA CP

mix(Bs→K1K2) may be
shifted significantly through sizeable values offs . Such a
scenario would be signaled independently through la
CP-violating effects in theBs→J/cf channel, which is
very accessible at hadronicB experiments. It is interesting to
note that if the solutionfd5129° should actually be the
correct one, it would be very likely to have also new-phys
effects in Bs

0–Bs
0 mixing. If we restrictg to the standard-

model range~13!, we even obtain a much more constrain
allowed region, given by a rather narrow elliptical band.

The sensitivity of the allowed region in theA CP
mix(Bs

→K1K2) –A CP
dir (Bs→K1K2) plane on variations ofj and

Du within reasonable ranges is very small, as can be see
Figs. 11~a! and 11~b!, respectively. In the latter figure, w
consideruDuu520°, and show explicitly the two solution
(d1 andd2) for d̃82 arising in Eq.~81!. As in Fig. 10, we
consider again the whole range forg, and its restriction to
Eq. ~13!. The shifts with respect to thej51, Du50° case
are indeed small, as can be seen by comparing with resc
05400
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-
f
e
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e
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led

Fig. 10~a!. Consequently, the main theoretical uncertainty
our predictions for theBs→K1K2 observable correlations i
due to the determination ofH.

It will be very exciting to see whether the measureme
at run II of the Tevatron and at the experiments of the LH
era, where the physics potential of theBs→K1K2, Bd
→p1p2 system can be fully exploited, will actually hit th
very constrained allowed region in observable space. In
case, it would be more advantageous not to useH for the
extraction ofg, but contours in theg-d8 and g-d planes,
which can be fixed in a theoretically clean way through t
CP-violating Bs→K1K2 and Bd→p1p2 observables, re-
spectively@15#. Making then use ofd85jd, g and the had-
ronic parametersd, u and u8 can be determined in a trans
parent manner. Concerning theoretical uncertainties, thi
the cleanest way to extract information from theBs
→K1K2, Bd→p1p2 system. In particular, it does not rel
on Eq.~40!. It should be noted that this approach would al
work, if fs turned out to be sizeable. This phase could th
be determined throughBs→J/cf @48,49#.

C. Comments on factorization

Using the same input from factorization as in Sec. IV
we obtain the following simplified expressions for the co
tours in theg-d8 andg-d planes:

d85eS c86Ac822u8v8

v8
D , d5

2c6Ac22uv
v

, ~87!

whereu8, v8 andu, v are given in Eqs.~79!, ~80! and~56!,
~57!, respectively, andc8 andc are defined in Eq.~70!. On
the other hand, the general expressions derived in Ref.@15#
that do not rely on factorization simplify for vanishing dire
CP asymmetries inBs→K1K2 andBd→p1p2 as follows:

d85eU16A12u8v8

v8
U , d5U216A12uv

v U. ~88!

Consequently, sinced8 and d are by definition positive pa-
rameters, the input from factorization would allow us to r
duce the number of discrete ambiguities in this case.
have encountered a similar feature in our discussion ofBd
9-17
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FIG. 12. Allowed region in theA CP
mix(Bs→K1K2) –ADG(Bs→K1K2) plane for ~a! fs50° and various values ofH and ~b! fs

530°, illustrating the impact ofCP-violating new-physics contributions toBs
0–Bs

0 mixing. The SM regions arise if we restrictg to Eq.~13!
(H57.5).
s

e
,
te

l.
→p1p2 in Sec. IV D. As noted in Ref.@15#, in order to
reduce the number of discrete ambiguities, the contour
theg-d andg-d8 plane specified through Eqs.~58! and~81!,
respectively, are also very helpful.

D. The A CP
mix

„Bs\K¿KÀ
…–ADG„Bs\K¿KÀ

… plane

Let us finally consider the observableADG(Bs→K1K2)
appearing in Eq.~1!, which may be accessible due to a siz
able width differenceDGs of the Bs system. Interestingly
this quantity may also be extracted from the ‘‘untagged’’ ra
s

W
ob

05400
in

-

G@Bs
0~ t !→K1K2#1G@Bs

0~ t !→K1K2#

}RHe2GH
(s)t1RLe2GL

(s)t ~89!

through

ADG~Bs→K1K2!5
RH2RL

RH1RL
, ~90!

where DGs[GH
(s)2GL

(s) is negative in the standard mode
Using parametrization~29!, we obtain@15#
ADG~Bs→K1K2!52Fcos~fs12g!12d̃8cosu8cos~fs1g!1d̃82cosfs

112d̃8cosu8cosg1d̃82 G . ~91!

An important difference with respect to the directCP asymmetry~33! is that—as in Eq.~34!—only cosu8 terms appear in this
expression. Consequently, using the mixing-inducedCP asymmetryA CP

mix(Bs→K1K2) to eliminate cosu8, we arrive at

ADG~Bs→K1K2!52Fcos~fs12g!2u8cos~fs1g!1$cosfs2v8cos~fs1g!%d̃82

~12u8cosg!1~12v8cosg!d̃82 G . ~92!
to
e

ise

l,

be
In contrast to Eq.~78!, no sign ambiguity appears in thi
expression; in the former, it is due to sinu856A12cos2u8.
The square root in Eq.~78! ensures that

ucosu8u5
uu81v8d̃82u

2d̃8
<1. ~93!

If we fix d̃8 through Eq.~81! and insert it into Eq.~92!, we
have to require, in addition, that this relation is satisfied.
may then perform an analysis similar to the one for the
servablesA CP

mix(Bs→K1K2) and A CP
dir (Bs→K1K2) given

above.
In Fig. 12, we show the allowed region in theA CP

mix(Bs

→K1K2) –ADG(Bs→K1K2) plane for ~a! the standard-
model case offs50° and~b! a value offs530°, illustrat-
e
-

ing the impact of possible new-physics contributions
Bs

0–Bs
0 mixing. It should be noted that the width differenc

DGs would be modified in the latter case as follows@49,61#:

DGs5DGs
SMcosfs . ~94!

As in Fig. 10, we have also included the regions which ar
if we restrict g to Eq. ~13!. We observe thatADG(Bs
→K1K2) is highly constrained within the standard mode
yielding

21&ADG~Bs→K1K2!&20.95. ~95!

Moreover, it becomes evident that this observable may
affected significantly through sizeable values offs . Unfor-
tunately, the width differenceuDGsu would be reduced in this
9-18
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case because of Eq.~94!, thereby making measurements r
lying on a sizeable value of this quantity more difficult.

VI. CONCLUSIONS AND OUTLOOK

In our paper, we have used recent experimental dat
analyze allowed regions in the space ofCP-violating B
→pK, Bd→p1p2, andBs→K1K2 observables that aris
within the standard model. The main results can be sum
rized as follows.

As far asB→pK decays are concerned, the combinatio
of charged and neutral modes appear to be most exciting
have presented contour plots, allowing us to read off
preferred ranges forg and strong phasesdc,n directly from
the experimental data. The charged and neutralB→pK de-
cays both point towardsg.90°. On the other hand, the
preferudcu to be smaller than 90°, andudnu to be larger than
90°. This puzzling situation, which was also pointed out
Ref. @14#, may be an indication of new-physics contributio
to the electroweak penguin sector, but the uncertainties
still too large to draw definite conclusions. It should be ke
in mind that we may also have ‘‘anomalously’’ large flavo
symmetry breaking effects.

The present data on theCP-averagedBd→p7K6 and
Bd→p1p2 branching ratios allow us to obtain rather stro
constraints on the penguin parameterdeiu. A comparison of
the experimental curves with the most recent theoretical
dictions for this parameter is not in favor of an interpretati
within the standard model; comfortable agreement betw
theory and experiment could be achieved for values og
being larger than 90°.

The constraints ondeiu have interesting implications fo
the allowed region in the space of the mixing-induced a
direct CP asymmetries of the decayBd→p1p2. Taking
into account the first measurements of these observable
the B factories, we arrive at the following picture.

For the Bd
0-Bd

0 mixing phasefd551°, the data favor a
value of g;50°. In this case,fd52b and g would both
agree with the results of the usual indirect fits of the unita
triangle.

For theBd
0-Bd

0 mixing phasefd5180°251°5129°, the
data favor a value ofg;130°, i.e., larger than 90°. In thi
case,fd would requireCP-violating new-physics contribu
tions toBd

0–Bd
0 mixing, so that also the results of the usu

indirect fits of the unitarity triangle forg may no longer
hold.

As we have noted above,g may actually be larger than
90°, which would then require the unconventional soluti
fd5129°. Consequently, it is very important to resolve t
twofold ambiguity arising in the extraction offd from
M
1
d
-
70

05400
to

a-

s
e

e

re
t

e-

n

d

at

y

l

A CP
mix(Bd→J/cKS)52sinfd directly through a measure

ment of the sign of cosfd .
We have provided the formalism to take into account

parametersj and Du, affecting the theoretical accuracy o
our approach, in an exact manner, and have studied t
impact in detail.

In the case of the decayBs→K1K2, we obtain a very
constrained allowed region in the space of the correspond
CP-violating observables, thereby providing a narrow targ
range for run II of the Tevatron and the experiments of
LHC era. Here the impact of variations ofj andDu within
reasonable ranges is practically negligible. On the basis
the present data on directCP violation in Bd→p7K6, we
do not expect a very large value ofA CP

dir (Bs→K1K2),
which is also in accordance with the allowed range deriv
in this paper. On the other hand,CP-violating new-physics
contributions to Bs

0–Bs
0 mixing may shift the range for

A CP
mix(Bs→K1K2) significantly.
Using a moderate input from factorization about the c

sines ofCP-conserving strong phases, our analysis could
simplified, and the number of discrete ambiguities arising
the extraction ofg could be reduced.

It will be very exciting to see in which direction the ex
perimental results for theB→pK, Bd→p1p2, and Bs
→K1K2 observables will move. Unfortunately, the prese
measurements of theCP asymmetries inBd→p1p2 by Ba-
Bar and Belle are not fully consistent with each other. W
hope that this discrepancy will be resolved soon. As we h
pointed out in our analysis, we may obtain valuable insig
into CP violation and the world of penguins from such me
surements. A first analysis ofBs→K1K2 will already be
available at run II of the Tevatron, whereBs

0–Bs
0 mixing

should also be discovered, andBs→J/cf may indicate a
sizeable value offs . At the experiments of the LHC era, i
particular LHCb and BTeV, the physics potential of theBs
→K1K2, Bd→p1p2 system to exploreCP violation can
then be fully exploited.
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