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Abstract. Isospin and flavor SU(3) relations in charmless hadronic B decays B — 7w, 7K are investigated
in detail with paying attention to the SU(3) symmetry breaking effects in both amplitudes and strong
phases. In general, the isospin and the flavor SU(3) structure of the effective Hamiltonian provide several
relations among the amplitudes and strong phases. Whereas a global fit to the latest data shows that some
relation seems not to be favorable for a consistent explanation to the current data within the standard
model (SM). By considering several patterns of SU(3) breaking, the amplitudes and the corresponding
strong phases are extracted and compared with the theoretical estimations. It is found that in the case
of SU(3) limits and also the case with SU(3) breaking only in amplitudes, the fitting results lead to an
unexpected large ratio between two isospin amplitudes a3 ,,/aj,,, which is about an order of magnitude
larger than the SM prediction. The results are found to be insensitive to the weak phase 7. By including
SU(3) breaking effects on the strong phases, one is able to obtain a consistent fit to the current data
within the SM, which implies that the SU(3) breaking effect on strong phases may play an important
role in understanding the observed charmless hadronic B decay modes B — 7w and 7K. It is possible to
test those breaking effects in the near future from more precise measurements of direct CP violation in B

factories.

PACS. 13.25.Hw — 11.30.Er — 12.15.Hh - 12.60.Fr

1 Introduction

B meson physics and CP violation are the central topics of
the present day particle physics. Recently, exciting experi-
mental results are reported from two B factories at SLAC
and KEK. One of the angles (8 in the unitarity triangle of
Cabbibo-Kobayashi-Maskawa (CKM) matrix elements is
determined through decay mode B — J/9 Kg [1L2] with a
good precision and found to be consistent with the other
indirect measurement within Standard Model (SM) [3].
The recent preliminary measurements of time dependent
CP violation in other channels such as B — ¢ K [4.2] also
provide us useful information for an independent determi-
nation of the weak phase 3 and for probing new physics
beyond the SM. Besides mixing induced CP violation, rare
B decays and direct CP violations are also of great impor-
tance in determining other weak phase angles of the uni-
tarity triangle and testing the Kobayashi-Maskawa (KM)
mechanism [5] in SM. With the successful running of B
factories, higher precision data on the rare hadronic B de-
cay modes such as B — 7, 7 K [6789T0,TT] have been
obtained, which provide us good opportunities to extract
the weak phase angle v, to test the theoretical approaches

for evaluating the hadronic transition matrix elements and
to explore new physics beyond the SM.

On the theoretical side, great efforts have been made to
improve the calculations of hadronic matrix elements. The
recently proposed methods such as QCD Factorization [12],
13| and pQCD approach [14,[15] have been extensively di-
scussed. From those methods, useful information of weak
phase angles such as v can be extracted [I6L17]. Other
approaches which are based on flavor isospin and SU(3)
symmetries are still helpful and important [18,[19}20[21],
22]. The advantage of this kind of approaches is obvious
that they are model independent and more convenient in
studying the interference between weak and strong pha-
ses. Recently the flavor isospin and SU(3) symmetries in
charmless B decays are studied by using global fits to the
experiment data [23,24l[25]. In a general isospin decompo-
sition, there exist a lot of independent free parameters. By
considering the flavor isospin and SU(3) symmetries, the
number of parameters is greatly reduced and the method
of global fit becomes applicable. Through direct fit, the
isospin or SU(3) invariant amplitudes as well as the cor-
responding strong phases can be extracted with a reason-
able precision. The early results [23] have already indica-
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ted some unexpected large isospin amplitudes and strong
phases. The fitted amplitudes and strong phases can also
provide useful information for the weak phase « [24]. Ho-
wever unlike isospin symmetry, the flavor SU(3) symmetry
is known to be broken down sizably [26]27]. The ways of
introducing SU(3) breaking may have significant influence
on the final results. In the usual considerations, the main
effects of SU(3) breaking are often taken into accounted
only in the amplitudes. To be more general, the study of
SU(3) breaking including strong phases is necessary.

In this paper, we begin with the general isospin and fla-
vor SU(3) relations in charmless hadronic B decays B —
nm, 7K. By using a general isospin decomposition, iso-
spin invariant amplitudes are determined from latest data
through global fit. Different patterns of SU(3) breaking
in both amplitudes and strong phases are studied in de-
tail. It is observed that in the SU(3) limit the current data
suggest a large violation of a isospin relation which is asso-
ciated with the electroweak penguin diagrams in SM. The
results is found to be insensitive to the value of v when
its value lies in the range 60° < v < 120°. The inclusion
of SU(3) breaking effects, especially the one in the strong
phases can improve the agreement between experiment
and theory.

2 A general isospin decomposition and isospin
relations

The isospin symmetry is a good symmetry, it is helpful
to start from a pure isospin discussion and then include
flavor SU(3) symmetry and its breaking effects in the next
step. The effective Hamiltonian for AS = 0 nonleptonic B
decays is given by

Z)\

quc

Hepp =

10
(010;1 +C08+ > cioi> , (1)

i=3
with A\g = Vg V5, is the products of CKM matrix elements
and the operators are
Og = (aa%)vf
09 = (dgqa)v-a(@sba)v—-a,
O3 =3 (Gala)v-al(dsbp)v_a,

q

O4 = Z(%(Jﬁ)va(aﬁba)va,

q

O5 =Y (Taa)vra(dsbs)yv—a,
q

Os = Z(%%)VJrA(aﬁba)V—A,

q

3 _ _
Or=35 Xq:eq(QQQa)V+A(dﬁbﬁ)V—Aa

A(@sbg)v-a,

3 B _
Og = 3 zq:eq(qafIﬁ)V+A(d5ba)V—A,
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3 _
Oy = 5 zq:eq(aanz)V—A(d,BbB)V—Av

3 _
O = 3 zq:eq(%%)v—;x(dgba)\/—m (2)

where Oqf(;), Os....¢ and Oz, 10 are related to tree, QCD

penguin and electroweak penguin diagrams respectively.
The final states of w7 have isospin of 2 and 0. Let us

define the isospin amplitudes A; and Ag as follows

c 105

As = (wm, I = 2| H?’/2 |B) = A\yale™ + \.aSe'®

Ao = (m,m, I = O|H1/2|B>—/\ age 150+)\ae , (3)
where af, (¢ = u,c and I = 2,0) are the amplitudes asso-
ciated with A;. The QCD penguin operators Os . ¢ have
isospin of Al = 1/2. But the other operators may have
more isospin components. Taking O% = (du)y_a(ub)y_a
as an example, the isospin decomposition gives 202®2 =
4®2 ®2. Thus it contains a Al = 3/2 and two indepen-
dent AI = 1/2 isospin invariant operators. Let us denote
them as O(3/2), O(1/2) and O’(1/2) respectively, then the
other operators can be decomposed in the same way, for
example:

Of = 10(3/2) ~ 0(1/2) +20'(1/2)]

0f = 10(3/2) +2001/2) - 0'(1/2),

05 =0(1/2) O4=0'(1)2),

0y = 201 — 205 = £[0(3/2) —20(1/2) +20/(1/2),
Orp = 202 - 304 - %[0(3/2) +20(1/2) — 20'(1/2)].

(4)

Among those operators, O(3/2) has the highest isospin
AT = 3/2. In the decays B — 7w it is the only operator
which can contribute to the final isospin I = 2 states.
Rewrite the effective Hamiltonian in terms of isospin in-
variant operators in (#)) and pick up the isospin 2 parts,
one finds

Gr

Ao = Ci+Cy+Cyg+C )\C Co+C
2— \/§ 3 ( 1 2 9 10)) ( 9 10))
(I=2[0(3/2)|B), (5)
and
a§ _ 3 Co + Cho
2 =R =_. . 6
ay EW 2 Ci+Co+Cy+ Cyp ( )

Taking the Wilson coefficients at p = mp, one has C; =
1.144,C5 = —0.308,Cy = —1.28, C1p = 0.328c. Thus

Rpw = —1.25 x 1072, and 05 = 4. (7)

This relation is well known and has been extensively
discussed [28]2T1124,25,22]. Here we would like to empha-
size the importance of this relation in a model independent
analysis, namely:
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1) The relation is obtained without the knowledge of
the matrix element (I = 2| O(3/2) | B). It only depends on
the isospin structure of the effective Hamiltonian and the
final states. Thus it is independent of any model calcula-
tions, such as naive factorization or pQCD factorization
etc.

2) It can not be affected by the final state inelastic re-
scattering processes with lower isospin as it is only related
to the highest isospin component AI = 3/2. For example,
it is expected that the processes of B — DD — 7w may
be considerable in B decays[29][30]. Whereas the effective
Hamiltonian of B — DD have isospin 1/2, its contribution
to final state with I = 2 vanishes, thus the above mentio-
ned relation remains unchanged. The elastic rescattering
process B — wm — 7mm can contribute to the highest iso-
spin amplitude, but their effects can be absorbed into the
effective value of (I = 2| O(3/2) |B) and will not affect the
value of Rgw which is the ratio of two isospin amplitu-
des sharing the same matrix elements. Thus this relation
is less likely to be modified in the presence of final state
interaction (FSI).

3) In the usual digram language, the decay B — 7~ 7
receives contributions from several diagrams, i.e., A(7~7°)
T+ T¢ + Pew + Pgw (here "T” and ” Pgw” stand for
tree and electroweak penguin diagrams, the superscrip-
tion “C” stands for the corresponding color suppressed
one). It is expected that the interference between them
may result in a small direct CP violation. However from
relation 05 = 6%, it is easy to see that as long as the
isospin symmetry is imposed, there is no direct CP vio-
lation in B — 7~ 7°. This conclusion purely relies on the
isospin considerations and thus looks quite robust. A si-
milar observation was also made within SU(3) symmetry
n [25]. However when comparing to the possible nonneg-
ligible SU(3) breaking effects, the conclusion based on iso-
spin symmetry seems more reliable.

4) The value of Rgw is the ratio between the electro-
weak penguin and tree diagrams. It is then sensitive to
new physics effects beyond the SM in electroweak pen-
guin sector. The new physics effects on Rgyw have been
discussed in [31,321[33/34], it seems quite sensitive to se-
veral new physics models. A precise determination of Rgyy
from experiments may be helpful to single out possible
new physics or study flavor symmetry breaking in charm-
less B decays. To describe the possibility that the value of
Rpw extracted from experiments could be different from
the SM calculations, we introduce a factor x as follows

(8)

where Ry, stands for its value extracted from experi-
ments and obviously k = 1 in SM.

Let us consider the operators with lower isospins. Note
that the operators Of and O§ have isospin of 1/2. As final
states mm are charmless and have isospin 2 and 0, those
operators can not contribute directly. However, through
inelastic final state interaction (FSI) processes such as
B — DD — wm, their contributions to the final state
with isospin 0 may be non-negligible. At present stage,
there is no good theoretical estimation of such kind of

0

R%w‘g/ = K- REW ~ —0.0125 - R,
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processes. The operator Os and Og also have isospin 1/2
but with different Lorenz structure. In general, the matrix
elements of Os ¢ are different from O3 4. Thus the isospin
amplitude Ay receives contributions from many different
operators with the same isospin 1/2. The matrix elements
of those operators may develop different strong phases.
Although for each operator there exist relations between
A and A, parts, there is no simple relation for their sum.
In the most general case af and a§ are independent of
each other and d§ # d§.

A similar discussion can be made in decay modes B —
wK, where the effective Hamiltonian has isospin AI =
1,0. In this case one can define three isospin components

—1 |==0
Ay = (nK, T =32 HALF ‘B >

0y c idg
= Auly)0€ /2 + Acag e"3/2,

—0 |0
Ay = (nK, T =12 HAFO ‘B >
= )\uaqfﬂei‘s?ﬂ + )\Caf/2ei‘55/27
By = (rK, 1 =1/2|HF' 7! |B™)

= bl e 172 4 AbS pe™ 12 (9)

As there are two kind of Lorenz structure (gq)(sb) and
(3q)(gb) with the same isospin, there are two independent
operators with highest isospin Al = 1. One can not con-
struct a similar relation of (B) within isospin symmetry.
However, as it will be discussed below, one can obtain
from SU(3) symmetry some useful relations.

From the above discussions the general form of isospin
decomposition of the decay amplitudes for B — 7w (7 K)
decays reads

Arr7r(7'rK) )\(s A‘IT7T(7\'K)+)\(S Aﬂ’ﬂ(ﬂ’K) (10)

where )\( =V ud( ) )\gs) =V, cd( and

\/70,06160 +\/7a2626
15q q ztsq
-0 q
T 0.

b
ER
| |

(11)

and

(12)

with ¢ = u,c. By using relation (6) and dropping a glo-
bal phase which is unphysical, there are totally 17 free
parameters.
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3 Flavor SU(3) symmetry and its breaking
effects

The advantage of the isospin decomposition allows one
to study SU(3) relations and SU(3) breaking effects in
a convenient way that the isospin symmetry clearly per-
sists. In SU(3) limit with annihilation topology ignored,
the isospin amplitudes satisfy the following relations:

w idY _ u i,
age"® = aj,ye /2]
c 165 __ ¢ 107 /o
age™° = ay e /2
w 10y _ w 105 /o
age™? = az, e %7,

c 105 _ ¢ 105
agse’™? = age /2.

(13)
If these relations are adopted, the number of free parame-
ters is reduced to be nine. From (@) and the above relation,
one finds that

C
a3/5  aj

u - (14)
as o ay

= Rew.

Thus the highest isospin amplitudes for the B — 7K de-
cays satisfy the same relation as the one in the B — 7w
decay. When SU(3) breaking effects are considered, the
above relations have to be modified. At present stage, it is
not very clear how to describe the SU(3) breaking effects.
a widely used approach is introducing a breaking factor
¢ which characterizes the ratio between B — 7K and 77w
decay amplitudes, i.e.,

WO _ gqul©)  quld) _ gqul)

ay/9 ag/9 2

(15)
but their strong phases are assumed to remain satisfying
the SU(3) relations

ors =o', oy =3,

(16)
Typically £ = fi/fx ~ 1.23 with f; and fx being the
pion and kaon meson decay constants, which comes from
the naive factorization calculations. It is easy to see that
this pattern of SU(3) breaking is a quite special one. The
value of ¢ is highly model dependent. It can only serve as
an order of magnitude estimation and it is even not clear
whether a single factor can be applied to all the isospin
amplitudes. The equal strong phase assumption implies
that the SU(3) breaking effects on strong phase are all
ignored, which may be far away from the reality. In a
more general case, all the strong phases could be different
when SU(3) is broken down. The breaking effects on strong
phases may have significant effects on the prediction for
the direct CP violations in those decay modes.

To describe the possible violations of relations in ([L6])
or the SU(3) breaking effects on strong phases, we may
introduce the following phase differences A%(¢ = u, ¢ and
1=3/2,1/2):

532(5?/2+A‘f/2, 53253/2+A§/2 (¢ =u,c).(17)
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On the other hand, the SU(3) breaking effects in ampli-
tudes may also be given in a more general way

afp = €ay', al,=€a§  (g=uc)  (18)
The SU(3) limit corresponds to the case that all A? vanish
and £9 = 1. In general, the simple SU(3) breaking pattern
in (I8) and (I6) may become unreliable. Note that in the
simple SU(3) breaking pattern in (I&) and (IG) the re-
lation of (I4l) remains to be unchanged as it is the ratio
of two isospin amplitudes. The calculation based on the
naive factorization shows a very small breaking of this re-
lation [28]. For simplicity, in the following discussions we
should not discuss the violation of amplitude relation in
([@), but the exact value of Rgw (i.e. Raqy or k) will be
studied in detail and also the possible violation of strong
phases will be discussed.

Without any model calculations, all the isospin ampli-
tudes and the strong phases are unknown free parameters.
Those parameters can in principle be extracted from the
experimental data, namely through a global fit of the data
on branching ratios as well as direct CP violations of the
related decay modes. The precision of the fitted parame-
ters depend on the precision of the current data. Especially
for the values of strong phases which strongly depend on
the measurements of direct CP violation.

4 Value of « in different patterns of SU(3)
breaking

The basic idea of the global fit is the maximal likelihood or
minimal x? method. For a set of measurements on observa-
bles Y;(i = 1, m) which contain n parameters a;(j = 1,n),
a quantity x2 is constructed as follows

Y»th(()é') —_Ye= 2
2 _ 7 J 7
=Y <Ui ) :

%

(19)

where Y;"(c;) and Y;#* are corresponding to the theore-
tical and experimental values of the observable Y; which,
in our present case, is a decay rate or direct CP violation
in charmless B decays. o; is the corresponding error of the
measurements. The set of a; which minimize the value of
X2 corresponds to the best estimated value for o

From the general isospin decomposition of and
(I2) and the isospin relation of (@) as well as the SU(3)
relation (I3]), there are nine free parameters left

Y2 01y2s @52, 05y, @525 Y20 0o, bij, 87

Here we set 67, = 0 as a phase convention since one
of the phases can always be removed without affecting
the physics. All the other phases are defined within the
range (—m,+m). The theoretical values of those parame-
ters have been calculated in [23] which are normalized to
the branching ratio of B decays and in units of 1073, The
calculation shows a hierarchical structure with af > a
which corresponds to T" > P in diagram language. The
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Table 1. gloal fit of isospin amplitudes and strong phases in charmless B decays with v = 60°

parameter value(a) value(b) value(c) value(d)
al 517.07805 | 40157121 | 29381588 415.07778
V2 242153 1.22793 0.7795 0.6703
as ), 0.857%% —0.287%25 | —2.6272% 118753
a¥, 536.8150¢ | 66727304 432.41488 545.91514
Y 3.09103 0.01%42 143707 1.43701
52 —141.0752 | —148.0752 | —132.1%755 | —127.3718¢
"V 2.8%075 —0.28%57% —0.1%573 —0.2%573
13 1.0(fix) 1.23(fix) 1.0(fix) 1.23(fix)
K 1.0(fix) 1.0 (fix) 12.0753 10.7735
X2vin 5.8 9.2 0.61 0.85

Table 2. The branching ratios for B — PP in units of 10~° [38,39],401T].

Br and Acp CLEO Belle Babar Averaged
Br(ztr") 45713505 4440.6+0.3 4.740.6+0.2 4.6+ 0.4
Br(r°7°) < 44227107 | < 4.4(29+£1.5406) | <3.6(1.6757F%9) < 3.6(1.96 £ 0.73)
Br(x~n°) 4.6715708 53+1.3+15 55750406 5.3+0.8
Br(zTK™) 18.0723+02 185+ 1.04+0.7 17.94£0.94+0.7 18.240.8
Br(r°K") 12.8755117 126+24+1.4 104713 4+0.8 1.5+ 1.7
Br(r~K°) 18.875 1 % 2204+ 1.9+ 1.1 175718 +1.3 20.6 + 1.4
Br(n°K™) 12.972-5+12 12.84+1.4%1 12.8712 +1.0 12.8+1.1
Acp(n7°) 0.31 4 0.31 £ 0.05 —0.03793% +0.10 0.1340.21
Acp(rtm™) 0.9479:27 +0.09 —0.02 £ 0.29 +0.07 0.42 4+ 0.22
Acp(r~K°) | 0.18+0.24 0.46 + 0.15 =+ 0.02 —0.17 4+ 0.10 + 0.02 0.04 + 0.08
Acp(n°K™) | —0.2940.23 —0.04 +0.19 4 0.03 —0.09 +0.09 + 0.01 —0.140.07
Acp(rTK™) | —0.04+0.16 —0.06 £ 0.08 4 0.01 —~0.10240.05+0.016 | —0.09 £ 0.04

value of blf/z is found to be significantly smaller than
a /2 Due to further suppression of small CKM matrix ele-
ment, the contribution of b} /2 is quite small. Unlike af /2

which is connected to B — ww amplitudes through SU(3)
symmetry, b /2 only appears in the charged decay modes

B— 'K, W*FO, its value only has a little effect on the
fit of other parameters. It have been checked that the fit-
ted values for other parameters are quite stable even under
the significant changes of b} /2[23]. Thus it is a good ap-
proximation to fix b /o At its theoretical value b¥,, ~ 416

/2 =
and ¢ 12 0. With this approximation, only seven free

parameters are left in the flavor SU(3) symmetry limit.
In the following section, the global fit of charmless

B decay modes are made under several different cases

of SU(3) breaking. The latest data of the decays B —

7, K used in the fits are summarized in Table 2] Among
other parameters concerning CKM matrix elements, the
most uncertain one is the weak phase +. The most recent
updated global fit on CKM matrix elements is summarized
in [35], which gives p = 0.19940.04 and 77 = 0.345+0.026,
corresponds to v ~ 60°. In this work, the various SU(3)
relations are examined with the value of v varying from
60° to 120°. For a concrete illustration, three interesting
cases are discussed:

Case 1. The value of 7 is taken to be 60° and « is fi-
xed to be unity. The global fit is done with £ = 1 and
¢ = fx/fr = 1.23 which corresponds to the exact SU(3)
symmetry and the simple SU(3) breaking. The results are
shown in the first (a) and second (b) column of Table [l
In both cases large strong phases are resulted with the mi-
nimal of x? around 5.8(9.2) for ¢ = 1(1.23). From the fit
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Table 3. global fits of isospin amplitudes and strong phases with different s. The value of ¢ is fixed at 1.0

v =T5° v = 90° v = 105° v = 120°
aly 467.81818 526.77933 | 580.6719%4 | 654.171165
% 57.0193 63.393 69.5153 69.5153
afp, | —112.787% | —107.97153 | —104.3%1%37 | —103.4713%
al)s 581.3+45-2 631.0+27-9 691.2+30-9 745.0155°7
Yo | —8066.27071 | —180.8%01 | —218.5%0) | —331.670%
S | —1206705% | 17T | —114.370%7 | —114.61100
" 213.4752 175.619:2 225.910-2 5183.410:3
K 10.573°% 9.8724 8.7129 7.4+19
XZin 0.80 0.77 0.79 0.83

result, the corresponding direct CP violation can also be
obtained. The best fitted direct CP violation for example,
in case (c) is given by

Acp(ﬂ'+ﬂ'7) ~ 0.3
ACP(W+K7) ~ —0.1
Acp(m°K™) ~ 0.0

Acp(ﬂ'oﬂ'o) ~ 0.4
Acp(n"K’) =~ —0.1

Acp(r Ky ~01 (20
Case 2

a) The value of v is fixed at 60° but the value of x taken
as a free parameter which is to be determined from global
fit with € = 1.0 and 1.23. The results are shown in the
third (¢) and fourth (d) column of Table [l In this case,
the best fitted value of k is found to be quite large with
a very low 2. ~ 1, which indicates that a large & is in
a better agreement with the current data. The numerical
results for the best fitted value are

k=12.0(10.7)  for £ = 1.0(1.23), (21)
which is about an order of magnitude larger than the ex-
pected one from the SM. While the results confirm our
earlier numerical results obtained in [23] where the equal
phase assumption such as d§ = 0§ has been adopted to re-
duce the number of free parameters. Here the fit is made
in the most general case where ;' # Jf and thus more

reliable.

b) To examine whether the above results hold only for a
particular value of the weak phase v = 60°, similar fits are
made with v = 75°,90°,105° and 120°. The results listed
in Table Bl clearly show that the v dependence is rather
weak. For all the values of « the best fitted values of x
are found to be large. Even at v = 120° the best fitted
value of K ~ 7.4 is still much higher than unity. While the
global fit based on naive factorization and QCD factoriza-
tion calculations prefer a large value of v > 90°[36,[16],
the model independent estimations show a less sensitivity
of weak phase v [37,24]23]. For example, in our earlier
analysises based on diagram decomposition[37] and SU(3)
symmetry[24] in B — 7w, 7K decays, two allowed ranges

of v are found, the one with v < 90° and the other one
with v > 90°. Both values of v with appropriate strong
phases can reproduce the experimental data. The resulted
large x which is insensitive to the weak phase v implies
that the breaking effects of flavor SU(3) symmetry may
be considerable.

Let us discuss the possibility of a large x or a§(3/2) from
the phenomenological point of view. It is well known that
due to the suppression of small CKM matrix element V;,
the decays B — mK are dominated by QCD penguin dia-
grams. The naive factorization calculations indicate that
the dominant terms in the decay amplitudes are those
with the CKM factor A\J. If a§(3/2) is negligible small, one

finds that Br(nTK~) ~ 2-Br(7rofo). When ag , is large,
namely & is large, the interference between af /2 and a /2
will be important. From ([I2)) it follows that when both the
amplitude a§/2 and the strong phase 5§/2 — §f/2 become
large, such an interference will enhance the branching ra-
tios of B — WOFO, and suppress the ones of B — 7T K.
Similarity occurs in the decay mode B — w70, As the
tree diagram contributions in this decay mode are color
suppressed, the penguin contributions are more important
than the ones in other modes B — 7~ 7% and 7~ 7. Thus
large value of x and § /2~ of /2 will also enhance the bran-
ching ratio of B — 7%7%. From the relation of (I4)) and the
definition of 5f/2 = 0, one has 6?‘;’/2 — 5f/2 = 55/2 = (575/2.
As the fitting results also give large 53"/2 = 1.43(~ 80°)
for &€ = 1.0, such an anomaly is closely related to the
observed enhancement of B — 7K . For decay mode
B — 7%7%, the current data can only give an upper bo-
und of Br(B — 7°7%) < 3.6 x 107° [38/[39,40], howe-
ver, the primitive measurements from CLEO, Babar and
Belle also show an indication of a large averaged value of
Br(B — 7%7%) = 1.96 x 1076 (see Table[d), which need to
be confirmed by the future experiments. From the most
recent experimental data in Table 2] one has

2Br(n'K") _

0.0
Br(ntK™)

Brir ) < 0.87(~ 0.43), (22)
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Table 4. Best fit values of isospin amlitudes with different value of AY 5, A7,5,A5 )5, A, with gamma fixed at 5 (60°).

12 —m/3 —7/6 +7/6 +7/3
at, | 63471970, | 72257500, | 628.97102% | 625575570
fe | 86703 satgy | 2193 | 15703
aj, | —1127R38% | —126.300%7 | —135.3%5% | —138.3%5%
a4/, 564.8755% 592.515%1 657.07552 | 661.27258

8% 1.5792 1793 3.3793 3.4%073
o | —12957308 | —143.0M%°% | —141atit | 1410757
e | 017G 02753 3.0753 3.0703
K 9.8+56 53742 1.6754 15704

XZin 2.3 3.3 4.1 5.2
1/2 -/3 —7/6 +m/6 +m/3

atja | 686.10%T | ees0niBl | ssistiiy | s032%p,
e 21553 2.3553 25553 25553

a$,, | —134.2%32 —134.07%% | —133.713% | —134.473%

a%s 651.1725-2 651.1725-9 651.67255 | 650.67553

832 31403 32703 3.21073 3.2%93
$ /2 —141.3143 —141.3%57 | —141.2%3% | —141.2733
" 2.870% 2.8704 2.9704 2.970%

. 157073 15704 167073 16554

XZin 16.5 7.7 2.4 3.2
3/2 —7/3 —7/6 +7/6 +7/3

at, | 54781080 | 594.8T10%% | 67017350 | 70117977,
e 2.0199 2.2103 2.6703 2.8+92

af, | —135.9%%% | 134775 | —132.7%%5 | 1317153

ay) 661.97253 656.07 35 648.97252 | 648.21%9%
Y0 3.6104 3.4%9:3 3.0192 2.7103
$ /2 —141.0742 —1411%4% | —141.5%53 | —14217%3
"2 3.2701 31751 2.750% 24755
K 1.6754 1.6794 1.6754 167074

Xinin 2.7 2.3 4.9 7.9
5/2 —m/3 —m/6 +7/6 +7/3

at), | 632071080 | 632.97102% | 634.37907; | 634.87907
e 24553 24553 24553 24503

aj, | —133.7%%% | 1337188 | 1336753 | —133.575%

ay) 659.974%- 653.9745-9 653.97257 | 659.67350
5o 3.2%03 32703 3.2%073 3.2%02
$/2 —141.2742 —141.2742 | —141.2%52 | —141.2+32
g 2.9704 2.9704 2.9704 2.979%

K 1.6%9:4 161073 15704 15794

X2in 2.5 2.6 3.4 3.8
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Table 5. Best fit values of isospin amlitudes with different value of AY 5, A7/5,A% )5, Az, with gamma fixed at 7(90°).

12 —m/3 —m/6 +7/6 +7/3
ay,, | 567471089 | 51517507 | 604.47500 | 638.9757,
s 1.8%5:¢ 1.075% 0.479% 0.479%
aj,, | —420%, | —42061737, | —39.2%%% | —40.275 0
a3, 590.275%-2 595.4152-2 573.27057 | 574.3733%°

8% -0.3%92 —-0.4%92 —0.2+52 0.3%573
o | —608%13% | —60.5T10T | —60.27130 | —64.0%5%7
e | 25788 | 26708 | 24708 | 19732
K 16.1712 16.0118 16.77%% 16.5715

XZin 3.1 3.4 1.3 3.1
1/2 -/3 —/6 +7/6 +m/3

aj, | 5AL5TIIG | 54467535 | 559.8782% | 571.57(573
e 0.510:4 0.510:4 0.655:4 0.75:4

af, | —412%30, | 416132, | —40478% | —30.8742

ay,, | 586.2735% | 585473570 | 58137550 | 57841315

8% —0.4103 —0.4193 —0.3%93 —0.3105
o | —60.2715% | —60.3%110 | —59.7T15E | —59.2713)
Y g ~2.619¢ —2.6798 —2.519:8 —2.5192
K 16.3129 16.3729 16.4+20 16.6121

XZin 1.5 1.6 2.8 3.8
3/2 —7/3 —7/6 +7/6 +7/3

af, | AT8TTIES | 486.971%5% | 528271930 | 555.27907,
Y 1.8752 21193 2.5703 2.8+92

aj, | —137.7E3% | —137.83% | —137.7E%Y | 1374733

ay,, | 667.1733% | 667.075537 | 656.97337 | 647.8720%
¥ 3.6104 3.5103 3.019:2 2.810:3
S0 | —1443707 | —1443707 | —1443%77 | 1444777
Y| 32507 31504 27551 25153
K 0.9%94 0.9154 1.079% 1.079%

Ximin 2.7 2.1 5.3 9.1
3/2 —7/3 —7/6 +7/6 +7/3

aj, | 632.07500% | 632971025 | 634.37907; | 634.87907
P2 24553 247573 2.4%5% 24553

aj, | —133.773% | —133.77533 | —133.67%% | 1335153

ay, | 659.97339 | 653.97359 | 653.97357 | 659.67150
5o 32703 32103 32703 3.2+0:2
T | —1412757 | —141.275% | —1412%57 | —141.2707
Y 2.9704 2.9704 2.9704 2.9707%

K 1.6%9:4 161073 15007 1.5%94
X2in 2.5 2.6 3.4 3.8
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Table 6. Best fit values of isospin amlitudes with different value of A/, A7 5, A5/5,45 o with gamma fixed at 27 (120°).

12 —m/3 —m/6 +7/6 +7/3
ai, | 440.7EE0 | 459.6T540% | 434.6T3550 | 47L2E5R0
Yo 3.6193 2.310-2 14793 0.8%0:%
aj, | —133.1740 | —141.2733 —137.77%% | —134.9738
ay/, 693.2774°¢ 668.2725°7 670.77253 668.0725°%

8% 1.6793 3.2+92 3.3193 3.1190%
$o | —18267550 | —148.3%1% | 1484177 | —148.37%7
V2 01757 28505 29704 2.8703
K 4.3%54 0.2+5:3 0.2+93 0.2%53

XZin 3.3 2.0 2.3 2.0
1/2 —7/3 —/6 +m/6 +m/3

aj, | 564571580 | 622671138 | 62337209 | 620.27575
e 0.35:3 0.375:3 0.655:3 0.8%55

aj, | —103.673% | —102.8%701 | —100.4%%7 | 357737

a 74417559 74617554 759.2159:2 77071522

8372 L4153 L4153 L4153 —0.2+0%
T | —1142730% | —113.97107 | —111.17355 | —62.9713
" -0.3%53 —-0.3%53 —0.3153 —2.510:¢
K 74729 75753 77739 117508

X2in 1.4 1.3 4.2 3.6
3/2 —m/3 —7/6 +7/6 +7/3

aly, | 53050133 | 473ty | 414503957 | 403571983
Y 14793 L7703 2.2193 2.5%93

as —136.773¢ —138.5733 —140.6753 | —141.1%33

ay), 669.3129:9 671.1+254 663.61293 655.81730-3
Y 3.7+04 3.5193 3.0192 2.7103
52 —148.41%7% 14841473 —148.11%% | —147.5777
e | 3203 3114 2711|2470
K 0.2+54 0.2+54 0.2+9:3 0.3%0:%

Ximin 15 1.3 4.5 8.0
3/2 —7/3 —7/6 +7/6 +7/3

aj, | 4356710075 | 435571087 | 435.671900 | 435.77100%
o 1.9752 1.9752 1.9752 1.9%0:3

aj,, | —139.8%33 | —139.8753 | —130.7753 | —139.6753

ay), 667.67259 668.77457 669.1725-6 668.67458
L 3.3103 3.3153 3.3%93 3.3503
5 /2 —148.3742 —148.3742 —148.4742 | —148.471%2
Y 2.9704 2.9704 2.9704 2.970%

K 0.279% 0.2+93 0.2+93 0.2+93

X2in 2.2 2.2 2.2 2.2
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which may be compared with the recent theoretical esti-
mations by using QCD factorization [16,4T]
QBT‘(TI'OFO)
Br(rtK~)

Br(797Y)

~0.52, ———%
" Br(z—7t)

~0.01.  (23)

It is clear that the data present the unexpected large ratio

for the decay modes B — 79K, which significantly devia-
tes from the QCD factorization predictions. The current
data also imply the probability that B — 797° could be
much larger than the expected one from QCD factoriza-
tion.

The value of k is sensitive to the contributions from
electroweak penguin diagrams. Since many new physics
models can give significant corrections to this sector, it
may be helpful to study new physics effects on x. Ho-
wever, to explore any new physics effects and arrive at
a definitive conclusion for the existence of new physics
from the hadronic decays, it is necessary to check all the
theoretical assumptions and make the most general consi-
derations. It is noted that the above results are obtained
by assuming SU(3) symmetry with its breaking only in
amplitudes. Therefore, we shall first extend the above re-
sults to a more general case of SU(3) symmetry breaking
before claiming any possible new physics signals.

Case 3

a) The value of gamma is fixed at 60° and the SU(3)
breaking effects on strong phases are turned on, i.e., A? #
0. In this case, it is difficult to extract those breaking
factors with a reasonable precision as we have no enough
data ( especially data of direct CP violations ) at hand.
For illustrations, we then take some typical values for A}
to show how the best fitted values of k depend on the
ways of SU(3) breaking in strong phases. For simplicity
and also to see how the SU(3) symmetry breaking of each
strong phase affects the best fitting value of x, we take four
typical values for each A%, ie., Al = —7/3,—7/6,+7/6
and 47 /3, with others angles being fixed to be zero. The
numerical results can be seen in Table El Tt follows from
the table that the inclusion of nonzero A% can greatly
modify the best fitted value of . In some cases, the best
fitted values are found to be close to unity. For example,
in cases of A}, = +7/6, A} ), = +7/6,+7/3 and AF , =
+m/6,4+7/3, the best fitted values of x are around 1.5
with the minimal x2,;, < 4. The direct CP violation for
AY )y = +71/6(A] 5 = +m/6) is as follows.

Acp(ntm™) ~0.1(0.5), Acp(r°7%) ~ 0.5(0.2),
Acp(rtK™) ~ —0.1(=0.1), Acp(r'K") =~ —0.2(~0.1),

Acp(r°K ™) =~ —0.1(—0.0), Acp(r K ) ~0.1(0.1).
(24)

Compared with the ones with SU(3) syemmetry in (20),
the predicted values of direct CP violation can be quite
different. The above results indicate that if we want to ex-
plain the current data within the scope of SM, the SU(3)
breaking effects on strong phases may play an impor-
tant role. At present, the calculation of SU(3) breaking
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on strong phases is not reliable without well considering
the nonperturbative effects and it is hard to estimate how
large it could be. The phenomenological approach adopt
in this paper may provide us some clues to understand the
SU(3) symmetry breaking due to final state interactions.

b) To illustrate the possible v dependence, two other fits
are made with v = 90° and 120°. The numerical results
are shown in Tables Bl and B In the case of v = 90°,
some results are found with x ~ 1.0 and small x?2 . . For
example, for A3, = —n/3, —7/6 and A3 , = —7/3, —7/6
the best fitted value of x are around 1.0 with the minimal
XZin = 3.0. However, in the case of v = 120°, no solution
is found with both small x2,, and x ~ 1. As only several

typical values of A?;Z)(:s /2) are used in the fit, one should

not draw a conclusion that the case of v = 120° is not
likely to be consistent with current data even the SU(3)
breaking effects of strong phases are taken into account.
However, it is clear that for very large value of v, the
allowed parameter space for the strong phase differences
A?;;)(?’ /2) is much smaller.

The results summaried in Tables H] Bl and [6 also in-
dicate the prefered values of some strong phases. For in-
stance, the best fited value of x is found to be insensitive
to the value of Ag/z. When 7 is taken to be 60° and 90°
the best fitted value of k is close to unity for all the va-
lues of Ay, with a small XZ,in- But for Ay = —60°,
the x2,,, has a minimal of 2.3(2.1) for v = 60°(90°). It
implies that the favoured value for AY /2 should be close
to —60° from the current data. Simiarlily, the fit results
favour a large negative value of A§ /2 and a small positive
A(f/2 and A?/Q.

5 Conclusions

In summary, we have investigated the isospin and flavor
SU(3) relations and their validity in the charmless ha-
dronic B decays B — 7w, 7K. Through a global fit to
the latest data, the amplitudes as well as the correspon-
ding strong phases are extracted with different patterns
of SU(3) breaking.

It has been shown that in the case of SU(3) limits
and the case with SU(3) breaking only in amplitudes, the
fitting results require a large value for the ratio of two
isospin amplitudes ag /2 Jay /2 The rescaled ratio x which
is equal to 1 in SM is found in this case to be

k=12.0(10.7) for &=1.0(1.23),

with a minimal y? around 1. Such a value of  is about
an order of magnitude greater than the SM prediction.
This results is insensitive to the weak phase . The SU(3)
breaking effects on strong phases have been studied in
several cases. It has been seen that the best fitted value
of k can significantly be lowed or even close to the SM
prediction x = 1 with a minimum x?2 at about 4. It implies
that to understand the current data within SM, the SU(3)
breaking effects of the strong phases must be considered
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and it is likely to play an important role. The direct test
on the SU(3) breaking of the strong phases require more
precise measurements of direct CP violation. With the
accumulating of the data in B factories, this may become
possible in the near future.
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