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Abstract

We propose a parametrization for two-body nonleptahimeson decays, in which the vaus topologies oamplitudes are
counted in terms of powers of the Wolfenstein paramgter0.22. The weak phases and the amplitudes are determined by
comparing this parametrization with available measurements. It is possible to obtain thepfrasethe B — K data up to
theoretical uncertainty ad (12) ~ 5%. The recently measur@g — 7979 branching ratio implies a large color-suppressed or
penguin amplitude, and that the extraction of the pligsigom the B — 77 data may suffer theoretical uncertainty more than
the expected on&) (A2) ~ 5%.

00 2004 Elsevier B.V. Open access under CC_RY license.

One of the major missions i® physics is to de- and B — K D [5,6]. The difficulty is that one of the
termine the weak phases in the Kobayashi-Maskawamodes, such aB? — 7~ D* or B* — K+D0, has a
ansatz for CP violatiofil]. The phasep; can be ex-  very small branching ratio and is not experimentally
tracted from the CP asymmetry in tlle— J/¥ K feasible[7]. The alternative modeB — K*D [8] and
decays in an almost model-independent way, which B. — D, D [9] improve the feasibility only a bit. It has
arises from theB-B mixing. The application of the  been pointed out that th8* — K*(D° — f) and
isospin symmetry to thé& — = decays[2] and to BT — K*(D°— f) amplitudes, withD® — f being
the B — pm decayq3] has been considered as giv- a doubly-Cabibbo suppressed decay, exhibits a strong
ing a model-independent determination of the phase interference[7,10,11] For this strategy, the strong
¢>. However, this strategy in fact suffers the theoret- phase difference betwedd® — f and D — f is a
ical uncertainty from the electroweak penguin, which necessary input. Another possibility is to measure the
is expected to be about 5-10%. The phas&an be B — D*V decays for the vector mesdn = p, K,

extracted in a theoretically clean way from the modes ..., since an angular analysis involves many observ-
involving only tree amplitudes, such @&— = D [4] ables, which are sufficient for extractingg model-
independently12].

Instead of resorting to theoretically clean modes,
T E-mail addresses: charng@phys.sinica.edu.tw (Y.-Y. Charng), which are usually exp.enmentally q_lfflcult, one consid-
hnli@phys.sinica.edu.tw (H.-N. Li). ers the modes with higher feasibility and tries to con-

0370-2693[1 2004 Elsevier B.V. Open access under CC BY license
doi:10.1016/j.physletb.2004.04.083


https://core.ac.uk/display/82404665?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.elsevier.com/locate/physletb
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/

186 Y-Y. Charng, H.-N. Li / Physics Letters B 594 (2004) 185-195

strain the decay amplitudes and the weak phases. The As shown below, dropping the electroweak pen-

problem is that available mea®ments are usually in-  guin amplitude, the phasg can be extracted from

sufficient to make the constraint, and theoretical inputs the B — = data. In principle, the theoretical uncer-

are unavoidable. For example, one adopts the (imagi- tainly of the ignored amplitudes is arour@i(12) ~

nary) tree-over-penguinratio obtained from the pertur- 5%, the same as in the extraction based on the isospin

bative QCD (PQCD) formalisnil3—-17]or from the symmetry[2]. Similarly, the phaseps can be best

QCD-improved factorization (QCDH}L8], so that the determined from theB — Kx data up to the uncer-

phaseg, can be extracted from the CP asymmetries tainty from the neglect of the (13) ~ 1% tree anni-

of the Bg — ntx~ decays. One may also employ hilation and color-suppresselectroweak amplitudes.

symmetries to relate the amplitudes of the relevant Note that the determination of the phagefrom the

modes, such aSU(3) [19] and U-spin[20], in order B — J/Yy K™ decays also bears about 1% theoreti-

to reduce the number of free parameters. However, the cal uncertainty. Certainly, a CP asymmetry is@(.)

theoretical calculations are subject to subleading cor- quantity itself. Precisely speaking, the above determi-

rections, and the symmetry relations are broken with nation of¢, and¢s, involving the data of CP asym-

unknown symmetry breaking effects. For these strate- metries, in fact carries the uncertainly ©fx) ~ 20%

gies to work, the theoretical uncertainty must be under and O (A2) ~ 5%, respectively. Because tile— 77,

control. K measurements are not yet complete, we shall drop
In this Letter we shall propose counting rules for more topologies in order to match the currently avail-

the various topologis of amplitudef21] in two-body able data. In this simple demonstration, we observe

nonleptonicB meson decays in terms of powers of the that the amplitudes solved from the — Kr data

Wolfenstein parameter~ 0.22[22]. The relative im- more or less obey the hierarchyjinThat is, an almost

portance among the topological amplitudes has beenmodel-independent determination¢{ is promising.

known from some physical principles: helicity sup- The solution from theB — nx analysis is, unfortu-

pression (color transparency) implies that tree annihi- nately, not consistent with the power counting rules,

lation (nonfactorizable) contributions are smaller than indicating that the extraction @f, may suffer theoret-

leading factorizable emigsn contributions. Here we  ical uncertainty larger #in stated above. Hence, our

shall assign an explicit power ¢f to each topology, = work casts a doubt to the strategy based on the isospin

such that the relative importance becomes quantita- symmetry[2] and gives a warning to the QCD calcu-

tive. This assignment is supported by the known QCD lations of theB — =7 modeq17,18,27]

theorieg[16,18,23,24] and differs from that assumed We start with theB — K decays. The branching

in [22]. We drop the topologies with higher powers ratio of a two-body nonleptoni®@ meson decay is

of 1 until the number of free parameters are equal written as

to the number of available measurements. The weak

phases and the decay amplitudes can then be solved

by pomparing the resultant pgrametrization with.ex- B(B — MiMy) = B |A(B — MiM>)

perimental data. Afterwards, it should be examined l6nmp

whether the solved amplitudes obey the power count-

ing rules. If they do, the extracted weak phases suf- where the light-meson masses andmk have been

fer only the theoretical uncertainty from the neglected neglected, and th& meson mass and th® meson

topologies. If not, the inconsistency could be regarded lifetimes take the valuesipz = 5.28 GeV, 15+ =

as a warning to QCD theories for two-body nonlep- 1.674x 107125, 750 = 1.542x 1012 s. The effective

tonic B meson decays. For example, the long-distance Hamiltonian for the flavor-changing — s transition

rescattering effect has been neglected in PQCD andis [28]

in QCDF. If this effect is important, the hierarchy

among the various topolazal amplitudes will be de-

stroyed[25]. The comparison of our parametrization Gr .

with data can tell whether the above assumption is re- Heft = ﬁ Z Vs Vab

liable [26]. a=te

%W
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with the Cabibbo-Kobayashi-Maskawa (CKM) ma-
trix elementsV and the operators

2
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0 = Gigi)v-a(@;bj)v-a.

O3=(5ibi)v—4 Z(C_[ij)V—A,
q

O4=(5ibj)v—_a Z(Cj/’%‘)V—A,
q
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q

Og=(5ibj)v_a Z(éjqz‘)VJrA,
q

3 _ _
(Sibi)v—a Zeq (Gjqj)v+a,
q

T2

3 _
Og = E(Sibj)V—A

07
Y eq(@jgiva,
q

3 _ _
Og = E(Sibi)va ;eq(‘]ij)VfA,

O10= g(fibj)V—A Y eq(@janv-as 3

q
i, j being the color indices. For the characteristic
scalep ~ vmp A ~ 1.5 GeV involved in two-bodyB
meson decayfd 6], A = mp — m; being theB meson
andb quark mass difference, the values of the Wilson
coefficients are

C1=-0510, Co=1.268
C3=27x1072, Cs=—-50x 1072,
Cs=13x1072, Ce=—7.4x 1072,
C7=26x107% Cg=6.6 x 1074,

Cg=—-1.0x 1072, Ci0=4.0x 1073, (4)

The above characteristicale has been confirmed by
the dynamical penguin enhancement exhibited in the
B — V P data[24]. The Wolfenstein parametrization
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for the CKM matrix is given by
Vud Vus Vub
Vcd Vcs Vcb
th Vts th
1— *—22 L AX3(p—in)
= —A -2 AR2
ANA—p—in) —Ar? 1
ol omn ondH
=l o o1 00H|, (5)
o3 o0x% 0@

with the parameters. = 0.2196 + 0.0023, A =
0.819+0.035, andR, = /p2+n2 = 0.41 4+ 0.07
[29]. Note that the product R, ~ 0.3 should be re-
garded as being oD (1), and that|V,;| is in fact
O(\%). The phaseg and ¢3 are defined viaV;; =
[Vialexp(—i¢1) and V,, = |Vyp| €Xp(—igh3), respec-
tively.

Considering all possible topologies of amplitudes,
the B — Kx decay amplitudes are given by

pe T4
A(B+—>KO]T+)=P<1—%V+?EI¢3), (6)

P& T .
A(Bg—>K+n_)=—P(1—%V+Fe’¢3), @)

V2A(BT — K*70)
= —P[l Few

+—5
V2A(BY — K°x0)

+=+ T—a)e"%}, ®)

(7

—P 1_@_P_‘5\'V_P_&V_£ei¢3, (9)
P P P P
which satisfy the quadrangle relation
A(BY - K% ") + v2A(BT — KT7°)
=A(BY— K'n7) +v2A(B - K°7%).  (10)

The amplitudePey, (Pg,, P&,) comes from the color-
allowed (color-suppressed, annihilation) topology
through the electroweak penguin operators. The am-
plitude P includes the emission and annihilation
topologies through both the QCD and electroweak
penguins:

P = Pocp + ey PSy + eu Péy, (11)
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with the u quark chargee, = 2/3. The amplitude

T (C, T*) comes from the color-allowed (color-
suppressed, annihilation) topology through the tree
operators. The penguin contributions from thguark
loop can be included using the relation V., =

— ViV — Vi Vip, and the expressions kqs. (17)-
(20)remain unchanged.

It has been shown in PQCD that a nonfactorizable
amplitudeM™, a factorizable annihilation amplitude
F(“ from the (V — A)(V — A) current, and a
factorlzable annihilation amplitud&* (Via from the
(V. — A)(V + A) current are suppresseoﬁ compared to
the leading factorizdb emission amplitudé<, by the
factors of[30]

Mnf -1
~|In 2B ~A,
Fe Agcp
Fy-a _ Aqco 2
Fe mp ’
a
F(V+A) 2m0 N )\,0 (12)
Fe mp ’

respectively, whereng is the chiral enhancement
scale, and the CKM matrix elements and the Wilson
coefficients are excluded. We list the power counting
rules for the Wilson coefficients iRq. (4)

o): aa,

O(A): az, 1/N,

0(»?):  Ca, Ce, aa, as,

O(Ag): C3, Cs, Cy, az, as, ayg,

o(Y: Ca.

0(*?): C7,Cg, ay, as, aio, (13)
with a; = C2+ C1/N¢, a2 = C1+ C2/N¢, a; = C; +

Cit1/N.fori =3,5,7,9,and; = C; + C;_1/N, for
i=4,6,8,10.

According to Egs. (12) and (13)we assign the
powers of A to the following ratios of the various
topological amplitudes:

T VusV;b ay

— ~ A, WL,
P ViV, aas P ase

C a

DL

T a1
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r M M_nfg ~ )2

T  Fe Fe aiN,

ﬁ\’ 4810 M Cq ~ )3

P ase  F¢ aseN. '
a F¢ nf

Pow Toimasio M7 _Co 55 gy
P F. ase F¢ Ca6N, '

For the latter three ratios, we present the power

counting rules derived from both the factorizable and

nonfactorizable contributions, which are of the same

order of magnitude. Compared to the power counting

rules in[22] based on the conventional scale~ m,,
P&,/ P is down by one more power af due toaig ~

O (2% in PQCD.

Whether a factorizable amplitude or a nonfactor-
izable amplitude is important depends on the de-
cay modes. In the8 — Kn case,C mainly comes
from the factorizable color-suppressed diagrams, since
there is a strong cancellation between a pair of non-
factorizable diagrams. The factorizable and nonfac-
torizable annihilation contributions td“, Pg,, and
P, are of the same order of magnitude as shown in
Eq (14) In the B — Dn decays,C, being of the
same order of magnitude &s mainly comes from the
nonfactorizable color-suppressed diagrams, since the
above cancellation does not ex[46,31] For T“ in
the B — Dx case, the nonfactorizable diagrams dom-
inate, because of

M™ C a
L2 2, _(V=t) (v A) az ~33. (15)
Fe alN ai
Employing the reparametrizations
P — P, — P, Pew+ P&y — Pew,
Py — Paw— P (16)

we arrive at the most general parametrization of the
B — K decay amplitudes

P§ T¢
_ew —e'¢3), (17)

A(BT — K% ") = P(l—
P P

T .
A(Bg - Ktn7)= —P(l+ F6l¢3>’ (18)
V2A(BT — K*70)
Pew T C T%\ .
— P14+ (T et (19
|:+P+<P+P+P)ei| (29)
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0 0_0 T| ..
‘/EA(Bd — K1) A(Bg - Ktn7)= —P(l—l— %e’me"”), (22)
_ Pew Pow C gy
P, : T| .4, ;

There are totally 6 independent amplitudes, namely, = —P(1+ %e’aew + %e””'é’e"”), (23)
11 unknowns, because an overall phase can always be

_r(_amoved. Hence, we choose the amplitddas a pos- «/EA(BS S K%% =p (1 | Pewl eiSeW>’ (24)
itive real value. Plus the weak phage, the 12 un- P

knowns are definitely more than the 9 experimental wheredr andéey denote the strong phases Bfand
inputs: the branching ratios and the direct CP asym- Pew, respec[i\/e|y_ The8 — K7 decay amp"tudes in
metries of the four modes, and the mixing-induced Egs. (21)—(24}re the expansion up to the powengf
CP asymmetry of the8} — k%% mode. Dropping  at which the determination @f; suffers the theoretical
the 0 (13 terms,7¢/P and P§,/P, we have 8 un-  uncertainty ofO (1) ~ 20%.

knowns. Then the data of the direct CP asymmetry  We shall solve for the 6 unknowng, | Pewl, |T],
in the B* — K%* decays should be excluded for ¢3, and the strong phaseg, and §7, from the 6
consistency. Hence, we have 8 experimental inputs, experimental input32,33],

and thus all unknowns can be solved exactly assum- n 0+ 6
ing the phasep; is already known from the mea- Br(B™ — K°7™) = (20614 x 107,
surement of the mixing-induced CP asymmetry in the Br(Bg — Kiyﬁ) =(182+0.8) x 10°6,
B — J/¥ K™ modes. The determination gg from Br(Bi N Kiﬂo) —(128+1.1) x 10-°
this parametrization is then accurate up to the theoret- ’ ' ’
ical uncertainty of0 (A2) ~ 5%. Bf(Bg — KO?TO) =(1154+1.7) x 1075,

We emphasize the consequence from the different A(BY— K*7¥) = —(102+5.0)%,

power counting rules if22] and in this work: the i £ 0 0
smallerPg,, is crucial for claiming that the determina- A(B* > K=7°) = —(9.0+£9.0)%. (25)
tion of 3 fromtheB — Kz datais accurate upto 5% The p* — k%% and Bg — K99 modes indeed

theoretical uncertainty. Following the COU”““QZMGS have very small direct CP asymmetries, consistent
in [22], both C and Pg,, will be included atO(2%), with the parametrization iEgs. (21)-(24)The bounds
such that the 10 unknowns are more than the 9 avail- on the various amplitudes and phases can be derived
able measurements. In this case we cannot solv& for - ynambiguously fronEg. (25)

and Pg,, exactly, and have to rely on symmetry rela-  The allowed ranges of the ratidy P and Pey/ P
tions to reduce the number of unknowns. Itis then dif- are exhibited inFigs. 1 and 2 respectively. The
ficult to estimate the involved theoretical uncertainty. prescription for deriving the two figures is briefly

Using the counting rules ikq. (14) which are sup-  explained below. The data for each branching ratio and
ported by the PQCD calculation, we include orly  for each CP asymmetry are expressed as a set, whose
at 0(3?), and the number of unknowns can be equal elements are the central value witt x error bar, G

to the number of measurements. Solving €rand  error bar, and-1x error bar. For a combination of the
assuring that the solution obeys our counting rule as element from each set, we solve the coupled equations,
a self-consistency check, the uncertainty from the ne- and the solution is represented by a dot in the figure.
glected topologies is under control. Scanning all the combinations, we obtain the ranges in

The measurement of the time-dependent asymme-the figures. The central values of the solutions are
try in the Bg — Ksm9 decay still suffers a large error. 7]
flo!

To demonstrate our method, we reduce the number o
unknowns by further dropping th@ (12) terms,C/ P,

arriving at |P;W| =0.50,  Sew=—88". (26)

The above result of’/P is in agreement with the
PQCD prediction7 /P ~ 0.20 exg—27°i) [16,32,34,

=0.23 ér =—-13,

A(B+ — Kon+) =P, (21)
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35], while the central values ofPew|/P and of Sew
differ from the PQCD prediction,Pew|/P ~ 0.2 and

Y-Y. Charng, H.-N. Li / Physics Letters B 594 (2004) 185-195

Re [T/P]

0.1 0.2 0.3 0.4 0.5 0.6 0.7

-0.12

-0.14

Im[T/P]

Fig. 1. The allowed range df/ P determined from thé8 — K data.

Re [Pew/P]

\\

-0.8 Im[Pew/P]

Fig. 2. The allowed range dfey/ P determined from th&8 — K data.

obtained in[25,36] The ratio| Pew|/P = 0.5 and the
nearly 90 phase betweeey and P in the above fit

Sew = 87, respectively. The latter PQCD predictionis have been speculated [@7,37,39] We also derive
consistent with the almost model-independentrelation the allowed ranges.06 < |T|/P < 0.72 and 022 <
between the electroweak penguin and tree amplitudes|Pew|/P < 0.70, implying that the extracted ratios
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|T|/P and |Pew|/P deviate a bit from the power their decay amplitudes are given by
counting rules irEq. (14) Hence, theB — Kx data n L0
are indeed puzzling, especially from the viewpoint V2A(B* - n*x?)
of the dramatically different strong phasés, and C Pew  Pow | Pew\ ig
37 shown inFigs. 1 and 2 Because of the large + T + T + T + T )¢ (28)
central values of Pew|/ P and ofeyw, a strong hint of 0 L a p o
new physics has been claimed[E7,38,39] A more ~ A(Bj —» 7' n7)= —T<1+ T t e 2>, (29)
convincing examination of the self-consistency can 0 0.0
be made by solving for the amplitudg, when more V24 (BJ— 7°°)
complete data are available. At last, the central value [(P Pew P&y Pgw> i
— |é

and the allowed range of the phageare given by -

c T1¢
- =+ —] (30)
$3 =102, 26 <3< 157, (27) r T
which satisfy the triangle relation
respectively, with the theoretical uncertainty of about \/EA(BJF . n+n0)
20%.
We emphasize that our fitting differs from the =A(BY— ntn7) +2A(B) — n%2%).  (31)
global fitting based on the QCDF approgdi8,41] In the above expressions the amplituéidas been de-

For example, the penguin contributions have been split fieq inEq. (11) and the annihilation contributiof®
into the factorizable type depending on a transition ¢omes only from the nonfactorizable diagrams. Based
form factor, the nonfactorizable type depending on ,, Egs. (12)—(14)we assign the power counting rules

the imaginary infrared cutofpy for an end-point 4 the following ratios of the topological amplitudes:
singularity, and the annihilation type depending on the

imaginary infrared cutoffos in QCDF. Taking into £ ViV ase C ..
account only theB — P P modes, such a8 — K T VuV), ;1 ' '
andn, the fitting result of the phasgs ~ 110° [42] Pew _ 32 T¢ Mnt C2 5

is close to that extracted in this work. Our method also ~p J T M, a1N. J
differs from those based on the isospin relatip4%,
with which some combinations of th& — K
branching ratios can be described by the functions of
the parameter®ey/ T, T/P and the relative strong
phases. Th&U(3) flavor symmetry is then employed 7 4 74 _, 7 C—T¢=C,
to fix Pew/ T andT/P. Finally, only the strong phases .
and the weak phasgs are treated as unknowns, and Pew+ Pew + Pew— Few (33)
determined by the data. The conclusion is similar: the the most general parametrizations of the— 7w
B — K data favorgs > 90°. Our approach does not  decay amplitudes are written as

rely on theSU (3) symmetry, and the ratiaBe,/ T and C P

T/ P are treated as unknowns. Including the> V P V2A(BT — 7% = —T[1+ — 4+ ﬂe”ﬂ,
modes in the QCDF fitting, the value ¢§ could be r r 34
smaller than 99 [41]. Using the parametrization for p (34)
the B — V P modes based o8U(3) flavor symmetry,  A(BY — n*n7) = —T(l + —ei¢2>, (35)
an phaseg¢sz < 90° was also obtained44]. In a r

forthcoming paper we shall apply our parametrization «/EA(BO 70 0) -T P Pew o9 _ ¢
to the B — V P modes, and make a comparison with d

P_eCW ~ P_gW ~ 4 (32)
T T
Employing the reparametrizations

T T T

the above works. (36)
Next we apply our method to the — nr decays. There are 4 independent amplitudes, namely, 8 para-

Considering all possible topologies of amplitudes, meters including the phas, which are more than



192

the available measurements. Neglecting héx?)
term, Pew/ T, the resultant expressions are the same
asin[22]:

V2A(BT — 70 = —T(1+ %e"‘%), (37)
Pl . .
A(Bg — 7'[+7'[_) = —T(l—i— %e'd’zelaf’), (38)
Pl ... cl .
fZA(B,? — JTOJTO) = T(%eld’zela” — %e"sc
(39)

for which we have 6 unknownig, |C|, | P|, ¢, 8p and
¢2. Similarly, we have removed the strong phasé& of
and assumed it to be real and positive.

Y.-Y. Charng, H.-N. Li / Physics Letters B 594 (2004) 185-195

The data are summarized [d$]

Br(B* - n*n% =(5.2+0.8) x 10°°,

Br(BY — n*n¥) = (4.6+£0.4) x 10°°,

Br(BY — 7%%) = (1.97+0.47) x 10°°,

Crn = —(38+16)%,

Sex = —(584 20)%. (43)

Since the data of the direct CP asymmetry in the
BY? — 7%7% mode is not yet available, we shall assign
a plausible range to it,

A(BY — 7°70) = (~50~ +50)%. (44)

The central values of the measurBd — 770

In this case we have to exclude the data of the direct and BO — w7 ¥F branching ratios are close to each

CP asymmetry in th™ — 770 decay, and 6 ex-

other, |mpIy|ng that eithe€ is large and constructive

perimental inputs are relevant: the three CP-averagedin order to enhance thB* — 7+7° modes, orP is

branching ratios, the direct and mixing-induced CP
asymmetries irB0 — 7, and the direct CP asym-
metry in B — 7%70. At th|s level of accuracy, our
parametrlzanon is equivalent to that based on the
isospin trianglg2,47], in which the electroweak pen-
guin contribution to the3* — 7+ 7% decay is also ig-
nored. We mention that the electroweak penguin am-
plitude has been included in the isospin analysis of
the B — nr decays, and that the CP asymmetry in
the B* — 770 modes still vanishep!5]. After ex-
tracting ¢2 from the B — w77 data andpz from the
B — K data, we can check whether they, together
with ¢1 from the B — J/y K™ data, satisfy the uni-
tarity constraint, when the data precision improves.
The time-dependent CP asymmetry of tﬂg —
777~ mode is expressed as

A(Bg(t) — n+n_)
_ BBYt) > ntw) = B(BY(t) > ntnT)
~ B(BY() —> ntr) + B(BY() - mtwo)
= —Cry COYAM t) + Syn SINNAM 1),

(40)

where the direct asymmetr¢,, and the mixing-
induced asymmetry,, are defined by

1 |Ranl? _ 2IM(hrn) 41)
Tl a2 T L a2
respectively, with the factor,

5, L+e7%2p/T
hpy = 22 1T P/ T (42)

1+4ei2P/T

large and destructive (after including the weak phase
¢2) in order to suppress th@0 — 77T modeq27].

In either case th@O -7 no branching ratio exceeds
the expected order of magnitud€,(10-7). There
exist four solutions associated with each set of data
input: two solutions correspond to the largeand

P cases, and the other two are the reflections of the
first two with respect to th&* — 7*70 side of the
isospin triangle. Note that the relations of the phase
¢> to the measured quantities have been gived&j
without numerical results. Here we shall not present
the central values of the sdlons, because the central
values of the experimental data of t# — 7%7°
direct CP asymmetry are not yet available.

The ranges ofP/T and C/T, shown inFigs. 3
and 4 respectively, collect all allowed solutions. These
ranges indicate that the hierarchy Hug. (32)is not
satisfied, since bothP|/T and |C|/T can be as
large as 1, much greater tham(i) ~ 0.22. There
is then no reason for believing that the effect of the
electroweak penguin would be as small @gx?) ~
5% according to the relation betwe@a,y and 7 [25,

36]. Our analysis implies that the extractiongffrom
the B — nr data based on the isospin symmetry may
suffer the theoretical unceinty more than expected.
It also casts a doubt to the PQCD (also QCDF)
calculation of theB — 7 decays. To complete our
numerical study, we present the allowed range of
corresponding to the data kx. (43)

51° < ¢ < 176°. (45)
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Fig. 4. The allowed range @ /T determined from th&8 — = data.

As explained above, the theoretical uncertainty asso- theoretical uncertaintgan reduce. Our method then
ciated with the above range may not be under control. tells whether theB — K n data indicate a solid signal
When the data become more precise, and when theof new physics. Besides, our parametrization extends
data of more CP asymmetries, such as the mixing- straightforwardly to the other relevant modes, such
induced CP asymmetry in thBS — Kg7° mode, as B — K*m, from which the phasepz can also
are available, the allowed range will shrink, and the be extracted[40]. Considering the overlap of the
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extractions from different modes, the allowed ranges

of the decay amplitudes and ¢ will shrink too. An
evaluation of the next-to-leading-order corrections t
the B — nr decays in the PQCD framework is now
in progress, whose result will clarify whether the large
|P| or |C| is understandable. If not, new dynamics,
such as the rescattering effect, might be important. Th
B — nr decays and the extraction of the phase
then demand more theoretical effort.
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