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Abstract. The relation between the branching ratios and direct CP asymmetries of B → Kπ decays and
the angle γ of the CKM unitarity triangle is studied numerically in the general framework of the SU(3)
approach, with minimal assumptions about the parameters not fixed by flavor-symmetry arguments. Ex-
perimental and theoretical uncertainties are subjected to a statistical treatment according to the Bayesian
method. In this context, the experimental limits recently obtained by CLEO, BaBar and Belle for the di-
rect CP asymmetries are translated into the bound |γ − 90◦| > 21◦ at the 95% C.L. A detailed analysis is
carried out to evaluate the conditions under which measurements of the CP averaged branching ratios may
place a significant constraint on γ. Predictions for the ratios of charged (Rc) and neutral (Rn) B → Kπ
decays are also presented.

1 Introduction

The charmless two-body decays of B mesons play a central
role in the prospect of probing the standard model (SM)
picture of CP violation. The well-known B-factory bench-
mark mode B0 → π+π− should enable a quite precise
measurement of the CKM angle α, provided the unknown
penguin contribution to the amplitudes determining the
observable mixing-induced CP asymmetry can be con-
trolled with sufficient accuracy through additional mea-
surements of the three isospin-related B → ππ branch-
ing ratios [1] (including the very challenging B0 → π0π0

mode). The SU(3) flavor-symmetry relation between B0→
π+π− and B0 → K0K0 offers an alternative way of re-
ducing penguin uncertainties in the extraction of α [2].
Furthermore, a time dependent analysis combining B0 →
π+π− with its “U -spin” counterpart (d ↔ s) Bs →K+K−
can determine the other two CKM angles β and γ simul-
taneously [3] (there is moreover a variant of this method,
replacing Bs → K+K− with B0 → K±π∓ [4]). Further
information on γ and/or β can be obtained from the di-
rect and mixing-induced asymmetries in B0 → K0

Sπ0 [5,
12,14].

Much interest has been excited by the possibility of
constraining the CKM phase γ using only CP averaged
measurements of B → Kπ and B → ππ decays [6–20].
The first branching ratio measurements by CLEO [21],
now confirmed by consistent evaluations by Belle [22] and

BaBar [23] (see Table 1), were often interpreted, in differ-
ent theoretical approaches, as an indication that the angle
γ may lie in the second quadrant [17], in conflict with the
expectation γ � 60◦ derived from global analyses of the
unitarity triangle (UT) [24]. Recently, the first results of
the experimental search for CP violation in these decays
have appeared, in the form of upper limits for the direct
CP asymmetries (Table 1); measurements of these observ-
ables will place a straightforward constraint on the value
of the CP violating phase γ.

In this paper, the implications of the available exper-
imental results on B → Kπ decays are studied in the
framework of the flavor-SU(3) approach [6–14], where the
amount of theoretical input about QCD dynamics is min-
imized through the use of flavor-symmetry relations in-
volving additional measured quantities. In particular, the
present analysis will focus on the theoretically clean strat-
egy employing the ratios of charged and neutral B decay
rates defined by [12]

Rc = 2 · B(B+ → K+π0) + B(B− → K−π0)
B(B+ → K0π+) + B(B− → K0π−)

= 1.34+0.30
−0.25, (1)

Rn =
1
2

· B(B0 → K+π−) + B(B0 → K−π+)
B(B0 → K0π0) + B(B0 → K0π0)

= 0.73+0.24
−0.17 (2)
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Table 1. Measurements of the B → Kπ branching ratios (B) and direct CP
asymmetries (aCP ). The averages have been computed combining statistical
and systematic errors in quadrature and taking into account asymmetric errors;
correlations between the systematical errors have been neglected. The list in-
cludes the measurement of the π±π0 branching ratio, used as an ingredient of
the SU(3) analysis

B × 10−6 CLEO [21] Belle [22] BaBar [23] Average

K0π± 18.2 +4.6
−4.0 ± 1.6 13.7 +5.7

−4.8
+1.9
−1.8 18.2 +3.3

−3.0 ± 2.0 17.4 ± 2.6
K±π0 11.6 +3.0

−2.7
+1.4
−1.3 16.3 +3.5

−3.3
+1.6
−1.8 10.8 +2.1

−1.9 ± 1.0 12.1 ± 1.7
K0π0 14.6 +5.9

−5.1
+2.4
−3.3 16.0 +7.2

−5.9
+2.5
−2.7 8.2 +3.1

−2.7 ± 1.2 10.8 ± 2.7
K±π∓ 17.2 +2.5

−2.4 ± 1.2 19.3 +3.4
−3.2

+1.5
−0.6 16.7 ± 1.6 ± 1.3 17.4 ± 1.5

π±π0 5.6 +2.6
−2.3 ± 1.7 7.8 +3.8

−3.2
+0.8
−1.2 5.1 +2.0

−1.8 ± 0.8 5.8 ± 1.5

aCP × 10−2

K0π± +18 ± 24 +9.8 +43.0
−34.3

+2.0
−6.3 −21 ± 18 ± 3 −4 ± 13

K±π0 −29 ± 23 −5.9 +22.2
−19.6

+5.5
−1.7 0 ± 18 ± 4 −10 ± 12

K±π∓ −4 ± 16 +4.4 +18.6
−16.7

+1.8
−2.1 −7 ± 8 ± 2 −5 ± 7

(the experimental averages1 obtained from the last column
of Table 1 are indicated), as well as the direct CP asym-
metries (aCP ) of the four decay modes, here considered
with the following sign convention:

aCP =
B(B → f)− B(B → f)
B(B → f) + B(B → f)

. (3)

The ratio [B(B0 → K+π−) +B(B0 → K−π+)]/[B(B+ →
K0π+) + B(B− → K0π−)] was also shown to provide a
potentially effective bound on γ [8]. However, the uncer-
tainty as to whether the contribution of the color sup-
pressed electroweak penguin amplitude is negligible and
a greater sensitivity to rescattering effects (see [10,12])
make this “mixed” strategy less model independent. Re-
cently, different approaches have been developed to eval-
uate the B → Kπ decay amplitudes through a deeper in-
sight into the details of QCD dynamics [18,19]. Although
these methods may in principle enable improved bounds
to be placed on γ, they currently rely on theoretical as-
sumptions which are still a matter of debate [20,25].

Limitations to the theoretical accuracy of the SU(3)
method adopted in the present analysis for deriving
bounds on γ from Rc, Rn and from the direct CP asymme-
tries would only be represented by large non-factorizable
SU(3) breaking effects altering the relative weight of tree
and electroweak penguin amplitudes with respect to the
dominant QCD penguin contribution. Parameters not
fixed by flavor-symmetry arguments, such as the strong
phase differences between tree and QCD penguin ampli-
tudes and quantities expressing the unknown contribution
of certain rescattering effects, will be treated as free vari-
ables of the numerical analysis.

The aim of the analysis reported in this paper is to esti-
mate whether (or under what conditions) the comparison

1 Possible correlations are neglected; the asymmetric errors
and the shift of the central value with respect to the ratio of
the central values derive from taking into account the effect of
a large uncertainty in the denominator

between measured B → Kπ rates and asymmetries and
the corresponding flavor-SU(3) expectations may serve as
a test of the SM. Constraints on γ and on the strong
phases are analyzed in the framework of Bayesian statis-
tics, where a definite statistical meaning is assigned both
to the experimental data and to the theoretical ranges
which constitute the a priori knowledge of the input pa-
rameters. Consequently, the resulting predictions are the
expression of all the experimental and theoretical infor-
mation assumed as input to the analysis, differently from
previous studies which only considered a number of illus-
trative cases corresponding to fixed values of theoretical
and experimental parameters.

The implications of the available measurements and
the foreseeable impact of precise data on the determina-
tion of γ and of the strong phases are studied in Sect. 2.
Predictions for Rc and Rn derived by fixing γ to the SM
expectation are reported in Sect. 3, where the sensitivity
of the values obtained to the main experimental and the-
oretical inputs is evaluated.

2 Constraints on γ from B → Kπ

2.1 Parameterization
of the B → Kπ decay amplitudes

Two alternative parameterizations of the B → Kπ de-
cay amplitudes can be found in the literature [12,13]. The
following analysis assumes the notation used in [12]:

A(B+ → K0π+) = P̃c
[
1 + ρceiθceiγ

]
, (4)

−
√
2A(B+ → K+π0) = P̃c

[
1 + ρceiθceiγ

− rceiδc(eiγ − qeiω)
√
1 + 2ρc cos θc cos γ + ρ2

c

]
, (5)

√
2A(B0 → K0π0) = P̃n

[
1 + ρneiθneiγ

]
, (6)

−A(B0 → K+π−) = P̃n
[
1 + ρneiθneiγ

− rneiδn(eiγ − qeiω)
√
1 + 2ρn cos θn cos γ + ρ2

n

]
, (7)
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where
(1) P̃c, P̃n are CP invariant factors containing the domi-
nant QCD penguin contributions; they cancel out in the
expressions of the ratios Rc, Rn and of the CP asymme-
tries.
(2) the terms ρceiθceiγ and ρneiθneiγ (θc and θn are strong
phases) determine the magnitude of the direct CP vio-
lation in the decays B+ → K0π+ and B0 → K0π0 re-
spectively; they are generally expected to be quite small
[ρ(c,n) = O(10−2)], but their importance may be enhanced
by final state interactions [10]. Calculations performed in
the framework of the “QCD factorization” approach [18]
point to no significant modification due to final state inter-
actions. The present experimental average aCP (K0π+) =
−0.04 ± 0.13 (Table 1) is also not in favor of the pres-
ence of large rescattering effects. An upper bound on ρc
can be deduced from the experimental limit on the ratio
B(B± → K0K±)/B(B± → K0π±) [9,26] by exploiting
the U -spin relation

B(B+ → K0K+)
B(B+ → K0π+)

× R2
SU(3)λ̄

2

=
ρ2
c − 2λ̄2ρc cos θc cos γ + λ̄4

1 + 2ρc cos θc cos γ + ρ2
c

, (8)

where the factorRSU(3) represents the correction for SU(3)
symmetry breaking, which is of the order of 0.7 at the
factorizable level [9], and λ̄ ≡ λ/(1 − λ2/2). The most
stringent limit available for the K0K+ branching ratio,
B(B+ → K0K+) < 2.4× 10−6 at the 90% C.L., has been
achieved by the BaBar Collaboration [23]. They also re-
port a fitted value of (−1.3+1.4

−1.0 ± 0.7) × 10−6; using this
value together with the world average for B(B+ → K0π+)
given in Table 1, a fit of (8), with RSU(3) = 0.7, λ =
0.2224 ± 0.0020 [24] and flat prior distributions assumed
for γ and θc over [−180◦, 180◦], gives the result

ρc < 0.09 at the 95% C.L. (9)

Both ρc and ρn will hereafter be assumed to be included
in the range [0, 0.2], while the strong phases θc and θn will
be treated as free parameters. To estimate the importance
of the resulting uncertainty, examples assuming ρ(c,n) = 0
will also be considered.
(3) r(c,n)eiδ(c,n) and qeiω (δ(c,n) and ω are strong phase
differences) represent, in a simplified description, ratios of
tree to QCD penguin and of electroweak penguin to tree
amplitudes, respectively. In the limit of SU(3) invariance
they are estimated as [6,7,11,12]

rc = |Vus/Vud| · (fK/fπ) ·
√
2B(π±π0)/B(K0π±)

= 0.23± 0.03, (10)

rn = |Vus/Vud| · (fK/fπ) ·
√

B(π±π0)/B(K0π0)
= 0.20± 0.04, (11)

qeiω =
0.057

|Vub/Vcb| = 0.65± 0.15, (12)

with factorizable SU(3) breaking corrections included.

Using (4), (5), (6) and (7), the ratios Rc and Rn [(1)
and (2)] of CP averaged branching fractions and the direct
CP asymmetries in the four modes, (3), can therefore be
calculated as functions of the parameters

rceiδc = (0.23± 0.03) ei[−180,180]◦ ,

rneiδn = (0.20± 0.04) ei[−180,180]◦ ,

ρceiθc , ρneiθn = [0, 0.2]ei[−180,180]◦ ,

qeiω = 0.65± 0.15 (13)

and of the angle γ. The square brackets indicate that
flat “prior” distributions within the given range are as-
sumed in the following numerical analysis; the remaining
parameters are treated as Gaussian variables. Constraints
on γ and on the unknown CP conserving phases are ob-
tained by fitting the resulting expressions to the measured
branching ratios and CP asymmetries2. The method used
in the present analysis, based on the Bayesian inference
model, is the same described and discussed in [24,25] in
connection with its application to the CKM fits.

2.2 Constraints from branching ratio measurements

The constraints determined by the current measurements
of Rc and Rn on γ and on the strong phases δc and δn
are represented in Fig. 1. The shaded areas plotted in the
|δc|, γ and |δn|, γ planes3 are regions of 95% probability,
where darker shades indicate higher values of the p.d.f.
for the two variables. As can be seen, the current data are
not precise enough to place a bound on γ independently
of the value of the strong phases (or vice versa). For com-
parison, the SM expectation for γ resulting from global
fits of UT constraints [24] is included between 40◦ and
80◦, with slight differences in the exact range depending
on the choice of inputs and on the statistical method used.
For the purposes of the present analysis, the determina-
tion

γCKM fit = (56± 8)◦ (14)

will be assumed.
Figure 2 shows examples of how the determination of

γ and of the strong phases can evolve with improved mea-
surements of the CP averaged branching ratios. For each
value of Rc and Rn, supposed to be measured with negli-
gible experimental uncertainty4, the graphs represent re-
gions allowed at the 95% C.L. in the |δ(c,n)|, γ plane, as de-
termined exclusively by the indeterminacy assumed for the

2 In view of the correlation of rc and rn between them and
with the values of B(K0π±) and B(K0π0) [(10) and (11)], the
actual fit procedure makes use of the four branching ratio mea-
surements instead of the ratios Rc and Rn. This choice also
avoids the problem of dealing with the non-Gaussian distribu-
tion of the measured Rc and Rn [(1) and (2)]

3 The constraints are symmetrical with respect to both γ = 0
and δ(c,n) = 0. The angle γ is anyway assumed to belong to
the first two quadrants, as implied by the positive sign of the
K0–K0 mixing parameter BK

4 An improvement of the present precision by about one or-
der of magnitude would fulfil such condition
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Fig. 1. Constraints determined on the
|δ(c,n)|, γ plane by the present CP av-
eraged data on B → Kπ

remaining parameters qeiω, r(c,n) and ρ(c,n)eiθ(c,n) , (13).
The following prospects can be outlined.
(1) A measured value of R(c,n) smaller than 0.8 determines
a lower bound on both γ and |δ(c,n)|; the excluded ranges
increase with decreasing value of R(c,n). In an almost sym-
metrical way, if R(c,n) assumes a value greater than 1.2, it
is possible to put a lower bound on γ and an upper bound
on |δ(c,n)|. On the other hand, a precise measurement of
R(c,n) having a value included between 0.8 and 1.2 would
not be sufficient by itself to delimit ranges of preferred
values for γ and |δ(c,n)|.
(2) At the same time, measurements with values diverging
from R(c,n) � 1 are progressively in favor of the range
γ > 90◦ and therefore in contrast with the current SM
determination of the UT, (14).
(3) By fixing the strong phases (they can actually be cal-
culated using different theoretical techniques [5,18,19]),
it becomes possible to determine γ even in the least fa-
vorable case of measurements of Rc and Rn with val-
ues near 1. To illustrate with an example, a sensitivity
of ∆γ ∼ 10◦ can be reached, in that peculiar case, by
constraining the strong phases δc and δn into the (hypo-
thetical) range [−30◦, 30◦].
(4) One interesting prospect is connected with the deter-
mination of the strong phases. It was pointed out [14] that
the first measurements of Rc and Rn by CLEO favored
values of δc and δn which were markedly different from
each other, in conflict with the approximate expectation
δc � δn. As can be seen in Fig. 1, no discrepancy between
the values of δc and δn is implied by the present data.
However, improved measurements will have the potential
to establish such a contradiction: for example, measure-
ments of Rc and Rn confirming the present central values,
respectively greater than 1.2 and smaller than 0.8, at a
sufficient level of precision (see Fig. 2) would point defi-
nitely to |δc| < 90◦ and |δn| > 90◦.

In the above examples, the unknown contribution of
final state interactions to the K0π+ and K0π0 decay am-
plitudes has been parameterized by allowing ρc and ρn to
be as large as 0.2. A comparison between the most favor-
able scenario assuming ρc = ρc = 0 and the one in which
ρc and ρc are fixed to 0.2 is shown in Fig. 3 for the two

representative cases R(c,n) = 1.0 and R(c,n) = 1.2. As can
be seen, the shape of the constraints remains almost the
same in the two cases. Apparently, no crucial improvement
in the determination of γ at a fixed value of δ(c,n) could
be obtained by further reducing the uncertainties related
to the magnitude of the rescattering effects.

2.3 Constraints from CP asymmetries

The constraints provided in the δ(c,n), γ plane by the first
experimental results on the direct CP asymmetries are
shown in Fig. 4. Here aCP (K+π0) and aCP (K0π+), both
depending on the same subset of parameters (the one in-
cluding ρceiθc), are represented as a single constraint. The
present data, still consistent with zero CP violation, de-
termine an upper bound on γ in the first quadrant and a
lower bound in the second quadrant, almost symmetrically
with respect to γ = 90◦. The limit

|γ − 90◦| > 21◦ at the 95% C.L. (15)

can be derived from a fit of both constraints, with the
strong phases δc and δn assumed as uniformly distributed
over [−180◦, 180◦].

Taking the decay B0 → K+π− as an example, Fig. 5
shows the constraint determined by a precise measurement
of aCP (K+π−) = −0.20 (examples with different central
values are qualitatively very similar). As can be seen, a
precise enough CP violation measurement would exclude
a large portion of the δn, γ plane, being especially effective
as a constraint on the strong phase; while the positive sign
of δn is selected in the case considered, the measurement
of opposite sign, aCP (K+π−) = +0.20, represented by the
same plot after reflection with respect to the δn = 0 axis,
would point to δn < 0.

As regards the determination of γ, the main implica-
tion of a measurement of CP violation with large enough
central value would be the possibility of excluding two (al-
most symmetrical) regions around γ = 0 and γ = 180◦.
Figure 6 shows the intervals allowed for |γ − 90◦| at the
68% and 95% C.L., plotted as a function of the measured
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Fig. 2. Constraints on the |δ(c,n)|, γ plane obtainable from precise measurements of Rn and Rc
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Fig. 3. Examples of constraints on γ
and δ(c,n) obtainable from precise mea-
surements of R(c,n) = 1.0 and R(c,n) = 1.2:
the results in the absence of appreciable
rescattering effects (ρ(c,n) � 0) are com-
pared with those obtained with the maxi-
mum value of ρ(c,n) in the range assumed
in the present analysis (ρ(c,n) = 0.2). The
contours, solid and dashed respectively,
delimit regions allowed at the 95% C.L.
in the two scenarios

value of the CP asymmetry aCP (K+π−); only the abso-
lute value of the asymmetry is considered here, in view of
the fact that the constraint on γ is not sensitive to the
sign of the asymmetry when the strong phase is assumed
to be completely indeterminate.

Measurements of the CP asymmetry in B+ → K+π0

determine almost the same constraints on γ as those plot-
ted in Fig. 6 for B0 → K+π−, inasmuch as the only dif-
ference in the assumed ranges for the input parameters is
the one between rc and rn [see (5), (7) and (13)]. The CP
asymmetries in the decays B+ → K0π+ and B0 → K0π0,
whose amplitudes depend on γ only through the “correc-
tive” terms ρcei(θc+γ) and ρnei(θn+γ) respectively [(4) and
(6)], have a minor role as constraints on γ, but may pro-
vide a confirmation of the smallness of the rescattering
effects by placing upper limits on ρc and ρn.

The results of a global fit of the present B → Kπ data,
combining the CP averaged observables Rc and Rn and
the direct CP asymmetries, are shown in Fig. 7.

2.4 Constraints on the ρ̄, η̄ plane

Measurements of Rc and Rn and of the CP asymmetries
can be included in a combined analysis of constraints on
the vertex of the UT. Instead of using the experimental
determination of |Vub/Vcb| to fix the value of the electro-
weak penguin parameter qeiω, (12), one can rewrite (12)
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Fig. 4. Constraints determined by the current CP asymmetry
measurements: allowed regions in the δ(c,n), γ plane
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Fig. 5. Example of constraint on the δn, γ plane as deter-
mined by a precise measurement of the direct CP asymmetry
aCP (K+π−)
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Fig. 6. Ranges allowed for |γ − 90◦| at the 68% and 95% C.L.
as a function of the measured value of aCP (K+π−)

as
qeiω =

0.057
λ

1− λ2/2

√
ρ̄2 + η̄2

(16)

[besides, γ = arctan(η̄/ρ̄)] and fit the available experi-
mental information using the variables ρ̄ and η̄. The con-
straints determined by the present measurements in the
ρ̄, η̄ plane are plotted in Fig. 8. The allowed region is com-
patible with the results of global fits of UT constraints
[24], although smaller values of the CP violation parame-
ter η̄ are favored by the B → Kπ data. Figure 9 illustrates
the possible effect of precise measurements of Rc and Rn.

3 Predictions for Rn and Rc

As is illustrated by the examples shown in the previous
Section, it is not possible to derive effective constraints
on γ in the first quadrant from precise measurements of
Rc and Rn, unless the strong phases δc and δn are known
to assume certain fixed values. This limitation is the con-
sequence of a destructive interference between tree and
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Fig. 7. Preferred regions in the δc, γ and δn, γ planes, as de-
termined by a global fit of the present B → Kπ rate and CP
asymmetry measurements
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Fig. 8. Constraints on the vertex ρ̄, η̄ of the UT (95% prob-
ability regions) determined by the combination of the current
experimental limits on the ratios of branching ratios and on the
direct CP asymmetries. A typical UT configuration favored by
the current |Vub/Vcb|, ∆mBd and |εK | constraints (see [24]) is
shown for comparison

electroweak penguin amplitudes which occurs when γ <
90◦ and is maximal for the specific value assumed by qeiω
in the SM, (12). This accidental compensation results in
a reduction of the sensitivity of Rc and Rn to the param-
eters γ and qeiω and to the strong phases [see (4), (5),
(6) and (7)]. This feature is illustrated in Fig. 10, which
shows the dependence of Rc on the variables γ, qeiω and
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Fig. 9. Constraints on the vertex ρ̄, η̄ of the UT (95% probability regions), as determined by precise measurements of Rn and
Rc with different central values

δc; for each scanned value, the remaining parameters are
varied as indicated in (13); only the real values of qeiω
are considered for simplicity. As can be seen, the spread
of values of the ratio Rc is reduced considerably just next
to the SM value of qeiω � 0.65 (Fig. 10b) and for γ in
the first quadrant (Fig. 10a). The wide variability outside
these regions is mainly due to the assumed indeterminacy
of the strong phase, as becomes evident when the value of
δc is constrained, for example, into the range [−30◦, 30◦]
(darker plots in Fig. 10a,b). As a further example, the be-
havior of the function Rc(δc) plotted in Fig. 10c–f shows
that the value of the SM prediction for γ (∼ 56◦) implies
a minimum sensitivity to the strong phase with respect to
lower or, especially, higher values of γ.

The effective compensation between tree and electro-
weak penguin amplitudes when γ is in the first quadrant
reduces, on the one hand, the possibility of constraining
the angle γ with precise measurements; from a different
point of view, it implies that for γ < 90◦ the four B → Kπ
decay amplitudes are actually dominated by their common
QCD penguin components and that, consequently, values
of the ratios Rc and Rn close to 1 are strongly favored in
the SM. Probability distributions for Rc and Rn obtained
by assuming the SM determination for γ, (14), are plotted

in Fig. 11a,b. They have been calculated by varying the in-
put parameters according to (13). The 68% C.L. ranges
derived from these distributions are

Rc = 1.03+0.07
−0.06, Rn = 1.02+0.07

−0.05, (17)

while at the 95% C.L. both quantities are included be-
tween 0.9 and 1.2. As can be seen from the Rc × Rn plot
shown in Fig. 11c, there is no appreciable correlation be-
tween Rc and Rn, the ratio Rc/Rn being determined as

Rc/Rn = 1.00+0.08
−0.07,

0.8 < Rc/Rn < 1.2 at the 95% C.L. (18)

However, by expressing quantitatively the expectation
that the strong phases δc and δn should have compara-
ble values, the double ratio Rc/Rn would become a very
well determined quantity: for example, the hypothetical
condition |δc − δn| < 60◦ leads to a determination twice
as precise:

(Rc/Rn)|δc−δn|<60◦ = 1.00+0.05
−0.04,

0.9 < (Rc/Rn)|δc−δn|<60◦ < 1.1 at the 95% C.L. (19)

The correlation between Rc and Rn introduced by this
assumption is shown in Fig. 11d.
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Fig. 10a–f. Rc as a function a of γ, b of the electroweak penguin parameter qeiω and c–f of the strong phase δc for different
values of γ. The intervals plotted for Rc are ±1σ ranges
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Fig. 11a–d. P.d.f.’s for a Rc and b Rn, and region allowed in the Rn, Rc plane for c independent and d correlated values of
the strong phases

The present experimental values [(1) and (2), with
Rc/Rn = 1.6+0.6

−0.5] are compatible with the predictions
obtained. Clearly, precise measurements are needed for a
meaningful comparison with the expected values. It has
to be pointed out that the SM expectation for γ is not an
essential ingredient of these predictions; a simple upper
limit is sufficient to obtain quite precise values: with the
only assumption that γ < 90◦, the results

Rc|γ<90◦ = 1.02± 0.10,
Rn|γ<90◦ = 1.01+0.10

−0.09 (20)

are obtained. The role of the uncertainty assumed in the
present analysis to account for possible rescattering effects
(ρc and ρn ranging from 0 up to 20%) is also marginal in
these results, which remain essentially unchanged when
ρc and ρn are set equal to zero assuming such effects to
be absent (Rc|ρc=0 = 1.03± 0.06, Rn|ρn=0 = 1.02+0.06

−0.05) or
when they are fixed to the maximum value of the assumed
range (Rc|ρc=0.2 = 1.03±0.07, Rn|ρn=0.2 = 1.02+0.07

−0.06). On
the contrary, as can be seen from the R(q) plot in Fig. 10b,
values of Rc and Rn inconsistent with the predictions in
(17) may reflect large deviations from the assumed SM
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value of the EW parameter qeiω, (12). To illustrate with
numerical examples, a measurement of Rc as large as 1.4
could be accounted for by qeiω = 1.2 or, equivalently,
by qeiω = 0.65ei60

◦
, both leading to a determination of

Rc included between 0.7 and 1.4 at the 95% C.L. There-
fore, precise measurements conflicting with the expecta-
tion Rc � Rn � 1 may be the sign of large SU(3) break-
ing effects or new physics contributions to the electroweak
penguin component of the decay amplitudes.

4 Conclusions

Experimental constraints on the weak (γ) and strong
phases of the B → Kπ decay amplitudes have been stud-
ied in the model independent context of the flavor-SU(3)
approach. The measured rates and CP asymmetries have
been submitted to a global fit using the Bayesian method.
Possible scenarios describing the impact of precise mea-
surements have been reviewed in a wide range of hypo-
thetical cases. Present situation and prospects are sum-
marized in the following remarks.

(1) The precision of the CP averaged data has to be in-
creased by about one order of magnitude in order to pro-
vide significant information on γ. On the other hand, the
first experimental limits for the direct CP asymmetries
exclude the range of values 69◦ < γ < 111◦ at the 95%
C.L.
(2) Even within the context of minimal theoretical as-
sumptions which characterizes the SU(3) approach, the
CP averaged observables related to B → Kπ decays can
offer interesting prospects in the search for possible indi-
cations of new physics. Measurements of Rc and Rn not
consistent with the range 0.8–1.2 would in fact exclude the
values of γ in the first quadrant, at variance with the UT
constraints derived from the B–B̄ oscillation parameters
∆ms and ∆md. At the same time, precise measurements
confirming the currently preferred values of Rc > 1 and
Rn < 1 (or vice versa), would point to values of the strong
phases δc and δn belonging to two different quadrants, in
conflict with the theoretical expectation δc � δn.
(3) On the other hand, measurements of Rc and Rn in the
range 0.8–1.2, though consistent with a value of γ in the
first quadrant, would not lead to an effective improvement
of the UT determination.
(4) The strong phases δc and δn represent a crucial theoret-
ical input to the analysis of the constraints on γ; with such
additional information provided by direct calculations, a
determination of γ with ∆γ � 10◦ uncertainty becomes
possible even in the least favorable case of measurements
of Rc and Rn consistent with 1.
(5) On the contrary, the constraints on γ obtainable from
Rc and Rn are almost independent of the actual impor-
tance of rescattering effects, in so far as these are ac-
counted for by values of ρc and ρn up to 0.2.

As an especially interesting result of the model in-
dependent phenomenological analysis that has been per-
formed, well determined SM reference values are obtained

for Rc and Rn when γ is fixed to its SM expectation:

Rc = 1.03+0.07
−0.06, Rn = 1.02+0.07

−0.05.

These predictions rely mainly on the SU(3) estimates of
the ratios of tree to QCD penguin and of electroweak pen-
guin to tree amplitudes, being especially sensitive to the
electroweak penguin component. They are on the other
hand almost unaffected by the possible contribution of
rescattering processes and only weakly dependent on the
value assumed for γ in the first quadrant. The expected
improvement in the experimental precision will therefore
offer the possibility of performing an interesting experi-
mental test of SU(3) flavor symmetry in the decays of B
mesons. At the same time, precise measurements definitely
contradicting the expectation Rc � Rn � 1 should lead
to the investigation of possible new physics effects in the
electroweak penguin sector.
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