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We analyze thdB8— K= decays using the factorization model with the final state interaction phase shift
included. We find that factorization seems to describe qualitatively the latest CLEO data. For a test of the
factorization model, we derive a relation for the branching ratios independent of the strength of the strong
penguin interactions. This relation gives a central value of (B0 °) for B(B°—K°xP), somewhat smaller
than the latest CLEO measurement, but the experimental errors are yet too big to take it as a real prediction of
the factorization model. We also find that a ratio obtained fronTdReaveraged— K 7 decay rates could be
used to test the factorization model and to determine the weak angléh more precise data, although the
latest CLEO data seem to favgrin the range 0f90°-1205.

PACS numbsds): 13.25.Hw, 11.30.Er, 12.38.Bx

One of the possibilities offered by tH&— K decays is factorization for the small tree-level and electroweak pen-
the determination of th€ P-violating phasey, one of the guin terms, as will be discussed in the following. Although
angles in the db) unitary triangle of the Cabibbo— the present data are not yet sufficiently accurate for a deter-
Kobayashi—MaskawdCKM) quark mixing matrix in the mination of the effective Wilson coefficients B— K= de-
standard moddl1]. In fact the largeCP-averaged branching cays at this time, a first step toward an understandinB of
ratio B for B— K= as observed by the CLEO Collaboration — K decays is to see how well these penguin-dominated
[2,3] indicates that the penguin interactions contribute a maeharmlesB decays can be described by factorization using
jor part to the decay rates and provide an interference behe Wilson coefficients obtained from perturbative QCD. As
tween the Cabibbo-suppressed tree and penguin contributiargued in Ref[14], for these very energetic decays, because
resulting in aCP asymmetry between thB—K= and its  of color transparency, factorization should be a good ap-
charge conjugate mode. ThgP-averaged decay rates de- proximation forB— K decays if the Wilson coefficients are
pend also on the weak phaseand give us a determination evaluated at a scalg=0(m;). We could thus proceed to
of this phase once a reliable description of BesK 7 de-  the test of factorization bearing in mind that there are pos-
cays could be establishéd,5]. sible scale-dependent corrections from nonfactorization

With the latest measurement by the CLEO Collaboratiorterms to be determined with more precise data. To include
[3], we have now thé&C P-averaged branching ratios for all FSI effects, as in Ref6], we assume that elastic FSI effects
theB— K 7 decay modes. In particular, tl®—K°z° mode  can be absorbed into the twe=1/2 andl =3/2 elasticmK
is found to have a large branching ratio of (ﬂ@@j%é‘) — aK rescattering phase} and 55 taken as free parameters
X 10 ° compared with a value in the range (6.8.74) and include only inelastic effects coming from the charm and
% 10 % in the factorization modd#,7]. The predicted values charmless intermediate state contributions to the absorptive
for other modes are, however, more or less in agreement witpart of the decay amplitudes. These inelastic contributions
experiment. As the effective Hamiltonian fB—~ K7 decays can be included in the Wilson coefficients of the penguin
is well established with the short-distance Wilson coeffi-operators which now have an absorptive part and are given
cients for tree and penguin operators now given at the nexin Refs.[10,12,15.
to-leading logarithms(NLL) QCD radiative corrections  We begin by first giving predictions in the factorization
[7-12), the most important theoretical uncertainties wouldmodel for theB— K decay rates and branching ratios in
probably come from long-distance matrix elements obtainegerms of the rescattering phase differedcand for a typical
with the factorization model and final state interacti®®)  value of the weak phase. As will be seen, factorization
effects. In fact one of the main uncertainties in the penguitsgems to produce sufficieBt— K decay rates. We could
contributions toB— K decays comes from the value of the thys proceed to a test of the factorization model by compar-
currents quark mass which is not known to a good accuracying with experiments, quantities obtained by factorization
There are also nonfactorization terms that must be inCIUde@hat are independent of the Strong rescattering phase dif-
in the form of an effective Wilson coefficient to make the ference[16]. We find that the sum of theP-averaged
amplitudes scale independefit, 13. Thus a more precise branching ratios B(B~—K ™ 7% +B(B~—K°r~), and
test of factorization is to consider quantities that are indepen- — . =0 T0.0 :
dent of the strong penguin contributions. This is the main5(B"—K 7" )+ B(B"—K"") are independent of the FSI
purpose of this paper. When all tBe— K 7 decay modes are rescattering phase. Other quantities obtained from various
measured with good accuracy, and if the rescattering phase §9mpination of the decay rates, for example, the quantity
known, the dominant strong penguin contribution could bed defined asI'(B~—K°z~)+T(B°—K~7")—2(I'(B~
determined from the measured branching ratios assuming:K ™ 7% +I'(B°—=K°#?)) is independent of the strong
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penguin contributions and could be used to pre(zﬁ(:gO

— K979 in terms of the other measured branching ratios. As
the main purpose of this paper is to test the factorization
model using relations independent of the strong penguin in- _— 1
teractions, we will not discuss here a recent theoretical work ~ B1=i Fvubvjsr[ —sataX),
on factorization inB— 77 decays which should be com- 3
pleted to have all the logarithms af, under contro[17].

Al=i—

4 Vubvtsra21

In the standard model, the effective Hamiltonian ®r Bl=i EVubVﬁsf[aeralX],
— K decays are given b}8,9,12, 2
V3
G A= —i5VypVirfas+agY], BP=B3=0 3
Heff:\/g VipVis(€107 +€203) + VpVeg( €107 +¢,03) ! 7 VwVil [ 2Y] e ®
3
= . Al=— \/—thv *rlagY+ag],
—ga(vt,ovtsci)oi +H.c., (1) 8
w_ J§ 1 1
in standard notation. At next-to-leading logarithnas take Br'=i7 VioVid| 588Y + 58101 (87~ 80) X,

the form of an effective Wilson coefficient™ which also

contain the penguin contribution from tleequark loop and W 3 .
are given in Refs[10,17. By'=—i7VuVirl(agY+ai0) — (a7~ ag)X],
The tree level operator®, and O, as well as the elec-
troweak penguin operato®;— O, have bothl=0 and| where f=GFfKFgW(m§)(m§—mi), X=(f_/fy)

=1 parts while the QCD strong penguin operat@rg— Og X(FEK(M2)/FB™(m2))(m2—m2)/(m3—m2), Y=2mZ/
have onlyl=0 terms. TheB—K decay amplitudes can [(m_+ mg) (M, —mg)] with g=u,d for 7+ final states, re-
now be expressed in terms of the decay amplitudes linto gpectively, anda are given in terms of the effective Wilson
=1/2 andl =3/2 final states ag6] coefficientsc?” (N is the number of effective colordy

2 1 _ aj=cf+cf, /N, for j=1,357,9,
AK770:§B3e|53+ §(A1+Bl)e|51,

aj=cf"+c /N, for j=2,4,6,8,10. (4)
\/5 s 2 s In our analysis, we usd.=3 andm,=5.0 GeV which give
Aiog- =3 Bs8 = \/5(A+Bye™ a; the following numerical values:

a1:0.07, a221.05,
2 i 6. 2 io
Akt =3 Bs€ %4 \[5(A1—Bye, (20 a,=-0.043-0.016, ag=—0.054-0.018,
a,=0.00004-0.00009, ag=0.00033-0.00003, (5
2 1 :
Ako70=75B3€ B \@(Al— By)e'’, a,=0.009 07-0.00009, a;,=—0.0013-0.000 03.

Note thata; is sensitive toN, and is rather small foN.

whereA, is the sum of the strong penguAt and thel=0 =3 As there is no evidence for a large positizg in B
tree IeveIAI as well as thd =0 electroweak penguiA\l’" —Kar decays that are penguin dominated and are not sensi-
contributions to theB— K= 1=1/2 amplitude; similarlyB; tive to a;, we usea; evaluated witiN.= 3 given in Eq.(5).
is the sum of the =1 tree IeveIBI and electroweak penguin Indeed, the predicted branching ratios remain essentially un-
B‘l’v contribution to thel =1/2 amplitude, andB; is the sum changed witha; =0.20 taken from the Cabibbo-favordai
of thel =1 tree levelB] and electroweak penguBy con-  decayq18,19.
tribution to thel = 3/2 amphtude In the absence of FSI rescattering phases, we recover the

The factorization approximation is obtained by neglectingUsual expressions for the decay amphtudes in the factoriza-
in the Hamiltonian terms which are the product of two color-tion approximation. We have usea:f given at next-to-
octet operators after Fierz reordering of the quark fields. Théeading order in QCD radiative correctiori8,9,14 and
effective Hamiltonian for nonleptonic decays are then glvenevc’:1|lJf=1thj at a SC&'ﬂ my. We note that the coefficients
by Eq. (1) with c; replaced bya; andO; expressed in terms e, ce ™, andcg" are enhanced by the internal charm
of hadronic field operators. In the notatlon of RE8], we  quark loop due to the large time-like virtual gluon momen-
have tum g?=m?/2 as pointed out in Refd4,10,19 (the other
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x1079] We now turn to the test of factorization B— K de-
] /\‘QL cays. The decay rates intokarr final state are given by
1.6
1 — 2
I & T (B—Km)=C|Ag,l2 )
10 T where the subscrig{ « refers to any of the decay modes for
] (a) B~ andB® andC is the usual phase space factor. By sum-
10 ] ming over the decay modes f8 and forB, respectively,
0.8 we have, in terms oA, B, andBg,
0.6 d
0 50 100 150 82()0 250 300 350 Tg-=C[5|Bs|*+|As+B4|?], o

I'go=C[5|B3|*+|A;—B4/%],
FIG. 1. B(B—K) vs 8 for y=70°. The curvesa), (b), (©), (d) 50 = CL5 (B3l A4l
are for theCP-averaged branching ratid™ — K~ #° K%~ and 1000 Ig-=T(B"—K 79 +T(B-—K% ) and I'go
BO—>K77T+’K07TO, respectively. :F(§0—>K77T+)+F(§O—>EO7TO).

_ o it off The quantitied’z- andI'go are independent of the rescat-
electroweak penguin coefficients like" and cg' are not  tering phase differencé They are given in the factorization
affected by this charm quark loop contribution in any signifi- model as a function of the weak phageTwo other related

cant amount This enhancement of the strong penguin termguantities of interest obtained from the above E8j.are
increases the decay rates and bring the theoreicaK

decay rates closer to the latest CLEO measurements. In the roBg-+Bgo=2C[2|Bs|2+|A.|2+|B|?] 0,
above expressions, the tree level amplitudes are suppressed
relatil/e to *the penguin terms by the .CKM factor r,Bg —Bgo=4C Re(A*B;) g0,
VipVidViVis  Wwhich  can  be approximated by
—(IVupl/IVepl) X (|Vedl/[Vud)exp(=iy) after neglecting which, together with one measur8-K 7 branching ratio,
terms of the orde©(\®) in the (bs) unitarity triangle. The would enable us to determine the strength of the strong pen-
B—Km decay rates then depend on the FSI rescatteringuin contribution as well as its absorptive part ancdssum-
phase differenc&= d;— &, and the weak phase . In the ing factorization for the small tree-level and electroweak
following, we shall use the set of parameters of RETs20] penguin contributions, if the rescattering phase differefice
which give f, =133 MeV, fy,=158 MeV, FE7(0)=0.33, could be inferred from theé-dependent branching ratio and
and F2K(0)=0.38. We usemy=120 MeV, |V,,|=0.0395, from other sources. In the above expressiogp, is the B
|Vegl =0.224, and|V,|/|Vep| =0.08 [1]. At the moment, lifetime andr,= 7go/7g-.
ms is not known to a good accuracy, but a value around Also, if all the fourB— K decay ratesCP averageglare
100-120 MeV inferred fronmyx—m,, mp+—mp+, and measured with good accuracy, in particular with a precise
Mgo— Mgo mass differencef21] seems not unreasonable. To measurement of thB°—K°#° branching ratio, the follow-
show the factorization predictions and the dependence of th&g quantities:
branching ratios on the rescattering phase differefiaee
give, as an example, t@éP-averaged— K 7r decay rates in
Fig. 1 evaluated with a CKM value given kp~=0.12 and
7=0.34[7] corresponding toy=70°.

As can be seen from Fig. 1, all thie2~ K= decay modes could also be used to test factorization.
for B~ andB®, except theB°—K°7#° mode, have branching  As theCP-averaged— K= decay rates depend on the
ratios more or less in agreement with the latest CLEO datgomputed partial rateEg- andI'go would now lie between

(€)

_T's- I'g-

Ri=——, Ry=———
FBO (FBf'f'FBO)

(10

[2,3] which give, for theCP-averaged branching ratios the upper and lower limit corresponding to ¢gs=1 and
cogy)=—1, respectively. As shown in Fig. 2, where the cor-
BBt =Kt 7%= (11_6fg-gj i?) % 1078, respondingCP-averaged branching ratiof o andBg-) for

I's- andI'go are plotted againsy, the factorization model
values with the Bauer—Stech—Wirb@SW) form factors
[20] seem somewhat smaller than the CLEO central values
by about 10%—-20%. Also3g->Bgo while the data give

B(B"—K%7r")=(18.2"75+1.6)x10 ¢,

B(B°—K" 7 )=(17.233+1.2x10"®, (6) By <Bgo by a small amount which could be due to large
o oo coros ] measured3’— K°#° decay rates. We note that smaller val-
B(B°—KO7%=(14.6'2723x10°°. ues for the form factors could easily accommodate the latest

CLEO measured values, if a smaller value fog, e.g., in
The computed decay rates shown above could be largehe range 80—100 MeV is used. What one learns from this
with the form factors given in Ref22] and could bring the analysis is thaB— K= decays are penguin dominated and
B— K decay rates closer to the latest CLEO data. the strength of the penguin interactions, as obtained by per-
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FIG. 2. Bg- (@, Bo (b), A () vs . FIG. 3. Curveda), (h), and(c) are forR, R2, andR1, respec-

. - tively.
turbative QCD, produce sufficie8— K decay rates and Vel

that factorization seems to work with an accuracy better thaare in the range (1:63.0)x 10~ °. As the variation withs is
a factor of 2, considering large uncertainties from the formnegligible, A remains at thed(10°°) level for other values
factors and possible nonfactorization terms inherent in thef 6#0. Thus, to this level of accuracy, we can p#=0.
factorization model. With more precise measurements exEquation(12) becomes

pected in the near future, it might be possible to have a _ _ _

detailed test of factorization and a determinationsafnd y (oBi0n-+ Bk =2 Brogo+ rpBi-—z0]. (13
by comparing with experiments various relative branchingThis relation can be used as a test of factorization with more
ratios, to reduce uncertainties from form factors and CKMprecise measurements of tld-averaged branching ratios.
parameters. Other tests of factorization could also be done kgonversely, it can also be used to prediB°—K°#°) in
looking for quantities that are independent of the strong penterms of the other measured branching ratios. From the latest
guin interactions. In fact, since the foBr— K decay rates | g data, withA=0, Eq. (13) then givesB(§°—>K°7-r°)

depend on only three amplitudés , By, andBs, it is pos-  — 0 g0x 1075. As can be seen, the large experimental errors
sible to derive a relation between the decay rates independepfevent us from drawing any firm conclusion on the validity
of A;. From the following quantities: of factorization, although the above predicted central value

for B(B°—K°7%P) is somewhat smaller than the CLEO data.
For another test of factorization and a determinatiory of
we have derived a relation in the form of a ratio which is
independent of the form factors and the CKM parameters. It
is given by the ratiR of the two CP-averaged quantities as

I'(B~—K%7 )+ I(B°—K =*)=C,

X

1 2 )
§|Bs|2+(|A1|2+|Bl|2)_ —= Re(B}B,e'"?)

V3

[(B~—=K 7%+ (B°~K°7%=C,

e [BB"—K 7% +B(B™ —K%r)]
B(B™—K°m )+ B(B° =K~ 7")/r,

(14

4 4 .
X §|Bs|2+(|A1|2+|Bl|2)+ — Re(B}Be”)

V3

Numerically, we find that terms proportional to ¢6sand
sin(é) in R are of the order 10’ and thus can be safely
(11) ignored. ThusR is a function ofy alone and can be used to
determiney as it does not suffer from the uncertainties in the
whereC,=4C andC,=2C, we obtain form factors and in the CKM parameters. In Fig. 3 we give a
plot of R as a function ofy. As can be seen, it is not possible
_ - Ko, _-— RO -+ to deduce a value foy with the CLEO data which givé&R
A={I (B —Kir )+ (B =K ) =(0.80+0.25) as the theoretical prediction frlies within
—2[T(B” =K 7% +T (B~ K°7%)]} rgo the experimental errors. If we could reduce the experimental
uncertainties to a level of less than 10%, we might be able to
give a value fory. Thus it is important to measug— K
(C7po). (12 decay branching ratios to a high precision. It is interesting to
V3 note that the central value of 302.)80 fét corresponds to
o y=110°, close to the value (1183)° found by the CLEO
F“’”ﬁ I_Eq.(12), we see thaid is mdepen_dent Ry gnd_ Collaboration in an analysis of all known charmless two-
hence is independent of the strong penguin term. It is gNerP)odyB decays with the factorization modgl]. It seems that

by the tree-level and electroweak contributions, which arg, "~ Eq data favors a larggin the range(90°—1205. A
much smaller than the strong penguin term, as can be seg. )

from Fig. 2 where its values fof=0 are plotted againsy Qrgey as shown in Fig. 2, would increase the factorization
. : — ! : I f - hich i icall
A is of the orderO(10™°) compared withBg- and Bpgo, values forBg- andBgo which are given numerically by

which are dominated by the strong penguin contribution and Bg-=(2.757-0.409 coéy)) X 10 °,

4 2 8 * i5
= _§|Bs| ——3Re(B3Ble )
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FIG. 5. The asymmetries v&for y=110°. Curvega), (b), (c),
and (d) are for Ass-_k-,0 AS-_ko,—» ASo_k-,+ and
Asg0_,K0,0.

FIG. 4. B(B—Km) vs & for y=110°. The curvesa), (b), (c),
and (d) are for the CP-averaged branching ratiosB™
—K 7% K%~ andB’—K ™7t KO%O, respectively.

small absorptive contributioA; to A; from DD} and other
intermediate states to tf&matrix unitarity relation. We find
that the variation ofl'g- and I'go as a function ofA; is
negligible. For this reason, we have #gt=0. Also, since
(2.651-0.393 cosy)) the theoretical values for the decay rates shown above show
R= (3.253-0.652 C087)) (16 qualitative agreement with the measured values, the strong
' ' Y penguin terms with enhancement by the internajuark
loop seem to produce sufficient decay rates, a large disper-
sive inelastic contribution would not be neededBr-K T

Bgo=(2.270-0.624 cogy)) X 105, (15)

For the ratioR we have

Also shown in Fig. 3 are the ratid®;, andR, defined in Eq.
(10). As R; shows strong dependence gna better way to

determineyﬂould_be to usdR; rather tharR when a precise de(_ﬁ%:esép asvmmetries. plotted adainsas shown in Fid. 5

value for B(B°—K°x°) will be available. are given byy P 9 g9->
Given y=110°, all theB— K= branching ratios can be

predicted in terms of the rescattering phase differefiees r-T

shown in Fig. 4. Compared with Fig. 1, we see that except Asep=——, (17)

for B(BY—K°#?), which remains at the 6:610 ° level, the r+r

other branching ratios become larger with=110° and _ _

closer to the CLEO data which indica@ —K°%x— and Wherel'is the decay rate. The predict&P asymmetryAs:p

B°—K «* are the two largest modes with near-e ualfor the B—K decay modes are in the rangs(0.04—
i 9 q +(0.3 for the preferred values of in the range 40°-70°

branching ratios in qualitative agreement with factorization, .
Figure 1 shows that these two largest branching ratios arré1entl0ned above. The latest CLEO measuremigt8how

quite apart, except fob<50°, while Fig. 4 suggestdshould ever, do not show any Iarg@P asymmetry inB— K de- .
. N PN .  cays, but the errors are still too large to draw any conclusion
be large, in the range of 40°-70°. With a smalex110
: at the moment.
and some adjustment of form factors, the currerguark . o .
L . In conclusion, factorization with enhancement of the
mass and CKM parameters, it might be possible to accom- . A X o
. . - strong penguin contribution seems to describe qualitatively
modate these two largest branching ratios with a smaller i — =0 on
We note that the dependence of the four branching ratio1€ B— K decays, although the predictéB™—K"") is
shown in Figs. 1 and 4 is essentially the same and is given bjelow the measured value. Further measurements will enable
(4/3\/§)Re(AlB§ exp(), apart from the sign, as the inter- Us to have a more precise test of factorization and a determi-

ference term Red;B% exp(d) is much smaller than nation of the weak angle from the FSI phase-independent
Re(A,B% exp(d) 1 relations as shown above.
123 :

We note that we have also considered a possible contri- We would like to thank Dr. Kwei-Chou Yang for pointing
bution from inelastic rescattering effects as an additionabut an error in our initial numerical calculations.
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