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Critical study of B decays to light pseudoscalars
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Motivated by the large branching ratios observed for the proBess;'K, we examine critically all the
ingredients that go into estimates Bfdecays into two light pseudoscalars. Within the factorization approxi-
mation, we examine several assumptions on the input parameters that could have a strong bearing on the
predictions. Among these af® the QCD scaleu, (ii) value of the form factorg(iii) value of the light quark
masses, and in particularg, (iv) the value¢=1/N., and(v) charm content of;’. It is possible to account for
all the data without invoking new physics, though future experiments will provide tighter constraints on the
parameter space. We find th@P violating asymmetries are in the observable range for some modes.
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I. INTRODUCTION eter £&=1/N. which arises in the generalized factorization
model, they— %" mixing angled, and the value of the CKM
The recent CLEO measurement for the branching ratio oklements and weak phases. We approach the problem by first
B— n'K [1] is larger than expected. This result has initiatedstudyingB— 77 decays. These decays have only slight
numerous investigations, with some even suggesting nefependence, and already limit the size of the form factors.
physics. In this paper we attempt to explain the whole set oBY studyingB— K next, we again see the dependence in
known results on two body decays Bf mesons into light ~Wilson coefficientdWC's) is offset by the scale dependence
pseudoscalars within the context of standard ma@)  Of ms, and the branching ratios have very slightdepen-
using the generalized factorization technique. This techniqué€nce. It is possible to enhanBe- 7’ K by choosing a small

is very successful in decays Bfmesons td mesong?2]. If ~ value¢. Study of the ratio oB— 7'K to B—nK, which is
this approximation is able to explain all two boBydecays independent of the form factors, reveals that a small value of

we will have a powerful tool to extract various parameters”” the weak phase, is preferred. We are able to account for

such as the Cabibbo-Kobayashi-Maskai@M) elements all data without assuming the charm contentdf With the
Present attempts to explain the large branching ratié arameter space obtained, we look at@e asymmetries as

" S . ; a function of v, and point out thaB— wK and B— 7K
[83(3] ;(glal?n )itlngr?l\:ﬁedIgggtiesnto?slseiggtlftzn rr]rgns_fg.ctifsmebut provide two interesting modes with significant asymmetries.

sU3 . he f f h b . q We organize this work as follows. In Sec. Il we obtain the
(3) constraints on the form factors have been ignored\yison coefficients and the strange quark mass at the scale
For example, in the flavor S@) limit, there are rela-

, m, and m,/2. In Sec. Ill we discuss the factorization ap-
tions among the form factors:F®~7 (0)=(sin6/\6  proximation. In Sec. IV, first we discuss the decay®dhto
+cosd/\3)FB~™ (0) andFB®~7" (0)=F8~K (0) (where m modes, then we discuss, »'K, and7K and show the

6 denotes thep— 5’ mixing anglg. Taking FB—n' large  Parameter space where the calculated branching rat® of
could have the undesirable effect of increasByg 7K and ~ — 7' K is experimentally allowed. In Sec. V, we discuss the
B— 77 rates above the present bound. Others have invokef P asymmetries in th& decay modes. Finally, in Sec. VI
charm for %', with a contribution arising fron‘oﬂs(c_c) we summarize our results.

—sn’(n). Explanations have been proposed with large

|f(77°,)|~450 MeV [6] and a relatively smaller value of Il. DETERMINATION OF THE EFFECTIVE
|f(n°,)| ~6 MeV [5]. The effect of a low strange quark mass in WILSON COEFFICIENTS
enhancing the rate has been nof&k]. In an interesting
paper[7], the consequences of a lar§e— 'K branching
ratio from the purely S(B) viewpoint has been studied. We
shall focus our attention on a more dynamical analysis based

The effective weak Hamiltonian for hadroni® decays
can be written as

on generalized factorization in the spirit of Ali and Greub 4G,

[5]. HAB—l:_{VubV:q(Clol{'l'CZOg)+VcbV:q(Cloi
The branching ratio oB— #'K depends on a number of V2

parameters. These parameters include the value of the 12

strange quark. massy, the possibility of QCD scale depen- +CzO§)—Vmeqz ¢0|+H.c., (1)

denceu, the size of the form factors, the value of the param- 3
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whereQ;’s are defined as
01=0,7,Lfsf sy Lb,,
O5=qy,Lffy"Lb,
03<5>=q_7,LLbE? Y*L(R)q',

Ou6)=Ua¥uLbg2afy L(R)T,,

3— _
O7<9):EQ7’MLbzeq'Q’YMR(L)Q',
3— 7 ’
08<10):EqaanﬁEGq'qﬁ?’”R(L)qa,
_Os — uv
011—meq0wRTabGa ,

e _
OlzzmmeO’MbeFﬂv, (2)

whereL(R)=(1* yg)/2, f can beu orc quark,q can bed
or s quark, andy’ is summed oveu, d, s, andc quarks.«
and B are the color indicesT? is the SU3) generator with
the normalizationTr(T2T?) = §%?/2. G4” and F,, are the
gluon and photon field strengtb,s are the WC’'sO,,0, are
the tree level and QCD corrected operatdds. ¢ are the
gluon induced strong penguin operatdds._ ;o are the elec-
troweak penguin operators due toand Z exchange, and
“box” diagrams at loop level. In this work we shall take into
account the chromomagnetic operafy, but neglect the
extremely small contribution from®,,.

We obtain thec;(u)’s by solving the following renormal-
ization group equatiofiRGE):

AT2
Y (99)
C(mW/,U« g% = 2

C(tras(ﬂ):ae),

)

wheret=In(M%/1?) andC is the column vector that con-
sists of ;)’s. The beta and the gamma are given by

( d d
_E"'B(as)

2

_ 2 oy
Blag)=—{11- §nf)w

4
+
{102 o g
o a 012
~ S em S
b= 704 72 )4W+Y;O>E+ T R

(4)

where a., is the electromagnetic coupling and is the
number of active quark flavors.
The anomalous-dimension matrice§” and y{*) deter-
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tions which are determined byyY and ¥ are
renormalization scheme dependent. R have been deter-
mined in Refs[8,9].

We can expres€(u) (where u lies betweenM,y, and
m,) in terms of the initial conditions for the evolution equa-
tions :

Clu)=U(u,My)C(My). ®

C(My)’s are obtained from matching the full theory to the
effective theory at theM, scale[9,10.. The WC'’s so far
obtained are renormalization scheme dependent. In order to
make them scheme independent we need to use a suitable
matrix T [9]. The WC's at the scalg=m, are given by

C(p)=TU(my,My)C(My). (6)

The matrix T is given by

T e
T=1+r] —+r o

S4wr %47’ @)

wherer depends on the number of up-type quarks and the
down type quarks, respectively. This are given in Ref[9].

In order to determine the coefficients at the sqatem,, we
need to use the matching of the evolutions between the
scales larger and smaller than the threshold. In that case in
the expression for T we need to uée instead ofr, where
5F=ru,d—ru,d_1, andu andd are the number of up type
quarks and the number of down type quarks, respectively.
The matrix elements@;s) are also needed to have a one
loop correction. The procedure is to write the one loop ma-
trix element in terms of the tree level matrix element and to
generate the effective Wilson coefficiefifisl]:

o o
<Cioi>=izj Ci(u) 5ii+ﬁmisj+4_:nm|ej <Oj>tree, @®)

s &
s <
eff
C3 - P43
cs'' Cy4+Ps
ceff - PJ/3
cg" CotPs
cs' CrHPe
Cgff C_8
eff -
Co CgtPe
eff -
Cio Cio

9

mine the leading log corrections and they are renormaliza-
tion scheme independent. The next to leading order correawhere
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TABLE |. Effective Wilson coefficients for thé—s transition  tablishing the range of value d@ffor the best fit will be one

at the scalen, andm,/2 are shown. of our goals.
The technique of parametrizing a two body decay ampli-
WC’s _ My H=my tude in factorization approximation is well known. Here we
2 shall do it for theB—K %' (%) process to establish our no-
cef —-0.282 —0.3209 tation and discuss some special issues relating to this pro-
cs 1.135 1.149 cess.
cst 0.0228718-i0.004689 0.02175i0.0041396 We define the decay constants and the form factors as
Ciﬁ —0.051144-i0.004689 —0.04906-i0.0124188
ceff 0.0162153-i0.004689 0.01560%i0.0041396 .
Cgﬁ —0.0653549-i0.0140673 —0.060632-i0.0124188 <O| A“| M( p)) =ifu P (1)
C?ﬁ 0.00122773i0.00005724 —0.00085%9-i0.0000728
cg” —0.0000953211 0.00143303 mé_ mﬁ
cs  —0.012015%i0.0000572433 —0.01148% i0.0000727 (M(p)IV,IB(P)=|(p'+p),— —=—0a,|Fr ™M@?
Cig 0.00218628 0.00317436 q
cstf -0.334 -0.295 m3—m2
Fe g GRS M), (12
— Vcb cq
Ps=(as/8m)C, VY, (10/9+G(mc .07%)) whereM, V,, andA, denote a pseudoscalar meson, a vec-

tor current, and an axial-vector current, respectively, gnd

ViV uq =p—p’. Note that F;(0)=Fy(0) and we can set
+thv (10/9+ G(my, 1,G7)) FSTM(g?2=mZ)~F5™(0) since these form factors are
pole dominated by mesons at scmé.
and The physical stateg and ' are mixtures of S(B) sin-
VoVt glet staten,; and octet stateyg :
- = b
Pe=(aer/9m)(3C1+ o)
tb¥1q 7=1g COSO— 7, SiN O, 7' =ngsin 6+ 7, COS 6,
VibVig (13
X )t ——r
(10/9+ G(me 4%+
with
X (10/9+ G(my, ;,9%))|.
I 1 - —
V; ; are the elements of the CKM matriry, is the charm ﬂsZE(ULHdd—ZSS), n1=ﬁ(uu+dd+ss),
qguark mass andn, is the up quark mass. The function (14)

G(m,u,q°) is given by

L m’—x(1-x)q’ The d ¢ dfS , which are similarly defined
G(m,,u,q2)=4f x(1—x)dxin , . (10 e decay cons aniﬁ‘7 andf?, which are similarly define
0 as Eqgs(17) and(18), have the relations similar to E¢L9):

In the numerical calculation, we will usg®=mg 2/2 which

represents the average value and the full expressions for , fg fi . s fg fi .
Pse. In Table | we show the values of the effective Wilson f,,—%cos - ﬁs'” 0, f,=- Z%COS o= ﬁs'” 0.
coefficients at the scalen, and m,/2 for the processh (15)

qua Values forbedqacan be similarly obtained. These

coefficients are scheme independent and gauge invariant. o )
In the SU3) limit, fx=f,_.=fgs. However from light quark

meson decays their values can be obtained. In particular the
values offg and f; can be obtained frony— yy and »’
— v provided the mixing angl® is known. We shall see
The generalized factorizable approximation has beetater that a larger magnitude &f enhances the;’ decays.
quite successfully used in two body decays as well aB ~ We shall thus use the valué=—25° which leads to
—D decays. The method includes color octet nonfactorizfg~1.75f,, and fg~f, [15] and we usd =132 MeV and
able contribution by treating=1/N. as an adjustable param- f,=158 MeV. A technical point is to note that when we
eter[12]. Justification for this process has been recently disevaluate(0|siyss| ) or (O|si yss| '), because of anomalies
cussed from QCD consideratio$3,14]. In general¢ is  in the corresponding curre&yﬂyss, we use anomaly free
process dependent, but using SV flavor symmetry, it currents and neglect terms corresponding to light quark
should be the same for the— 77, K7, K5’ (7) system. Es- masses as discussed in Rdf5]. We then have

Ill. MATRIX ELEMENTS IN FACTORIZATION
APPROXIMATION
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o \/§f8 sin 0mf], 0 .14
(O[siyss|n')=——=—F"—",
V2o 2mg
- 0.135
=
o \/5 fg cos 6m37 % 0.13
(Ofsiyss|p)=——=—F""—"—". (16 =
\/E 2mg 0.125
The decay constanlfé:,, andffy, are defined as 0.12
. 2 2.5 3 3.5 4 4.5
(Oluy,ysuln')=if’ p,, (17) i (GeV)
_ s
(0lsy,yssln")=if 7P (18 FIG. 1. Strange quark mass; is plotted as a function ofi. u

has been varied between the mass and then, mass.
Due top— 7' mixing, f,, andf’, are related tdg andf, by

G
fg fa fg fy A(B"—7'K™)= TF{VubV’JS[(Cﬁ £Co)CH+(écq+ o) T]
f' = —sin 6+ —=cos 9, f°5,=—2—sin #+ —=cos¥b, 2
NG V3 g G V3

(19

—VipVig| (C3+ &C4— C5— £Cp)
wherefg andf, are defined as
X (2C"+C%)+ (écz+cy)(C+T)
_ fg — f1 +2(&cs+Cg)(XCS+Y
<0|U'YM’Y5U|7]8>:|%pM, <0|u’)/,u’}/5u|7]1>:|ﬁpﬂ,' (é:CS CG)( T)
(20)

1
—E(C7+§C8—Cg—§clo)(C”—C5)
We shall assume that form factors are related by nonet

ol _ s
symmetry. For a currenf ,=uy,b this implies (£C71C)XC+2(£C7 +Ce) YT

1
FBK—pB-7 _§(§CQ+C10)CS+(509+010)T + A1,
(23)
= \/EFSHWO
where
_ B—7g
= \6F :
V6Fg CU=if} Fo " (mg—mg),
=3FS 0, (21)
Co=if$,F§(mg—mp),
We expect the S(B) breaking effect to b&(15)%. In par-
ticular F2~ ™ could be smaller ifyy has significant glue _ 3
° B By Cs=—i—= fg sin OFE"X(mi—m2)
content. Form factor§g " andFg " are then 2 8 0 B KD
FB—7=F8~" (cos6/\/6—sin 6/\/3), T=if F8~7 (m3—m2,),
’ - 2
FE=7"=FE~" (sin 6/./6+cos 6//3). (22) _ m.,
2ms(mb_ ms) ’
There seems to be considerable variation in the range of ,
FE~™ estimated in the literature. Bauet al.[16] estimate v Mk (24)
it at 0.33 while Deandreat al.[17] obtain 0.5. Since the rate ~ (mg+my)(mp—m,)

is proportional to thdF |2, this can be a source of consid-

erable error. We find that data on tie—«*7~ mode Here we have neglected a small contribution of the annihila-

places rather stringent constraint on the magnitude of th&on term which is proportional tég. A;; represents a con-

form factors with values near Bauet al. being preferred. tribution from chromomagnetic operat@r,,, and is evalu-
The decay amplitude faB~— »'K™ is now found to be ated as in Refd.3,18.
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FIG. 2. Branching ratio for the average 8 — 7~ #° as a FIG. 4. Branching ratio for the average B’P(@)_WOWO as a

function of . The solid curve is fou=m,/2 and the dashed curve function of ¢. The solid curve is fop=my/2 and the dashed curve
is for u=my, . The direction of the thick arrows indicate the regions is for u=m,.
being allowed by the available experimental data.

_ __thenf’,=6 MeV andf{=2.3 MeV. This should be com-
The amplitude foB— 7K can be deduced by appropriate . o440t _50 MeV andf!=100 MeV. We shall show
replacement ofy” by ». In amplitudes where penguin con- that it is possible to fit data vzithout the charm content within
tributions dominate, we observe that X and Y contributions1 of thep experimental error. If further experiments were to
are very sensitive to the value of light quark contributionsnarr W th rpt foB K t.th h Ed f the present
m. Depending on the scale, we have to employ the cor- arrow the rate f1ob—» # at Iné upper ena of the prese
range, this would be a strong argument for the charm con-

responding value afng. We show a plot oimg as a function . : ; . .
of 4 in Fig. 1. We usam,=165 GeV atu=1 GeV. This tent. Wlth the inclusion of charm, the amplitude in EB3)
has to include the term

leads tomy(m,/2)=121 MeV andmy(m,)=118 MeV. If a

smaller value ofng(1 GeV) is used, processes involving K

mesons are enhanced. Although this will enhaBeeK 7', Gr e

we will then have too large a value f&—K* 7. We find A'=-— TVCbV:s(Cl+ gcy)(f 1f.)CH (26)
the choice of 165 MeV is optimal. We shall show later that 2

the u dependence of the rate is quite weak because of the

compensating effect of. dependence ofns and 1 depen-  For B— 7K we must include a similar term with¢, re-
dence of WC'’s. Ali and Greub have advocated thatand placed byffY. 7

might contain a considerable amountaaf contribution, and

this enhance8— 7'K. They have argued that if
IV. DECAYS OF B INTO PSEUDOSCALARS

<0|C)/,L75C|7]'(p)>:if;rpw (25) A. ProcessB— mrar
Here we consider the decayB™—w*#°, B°(BO)
(0lcy, vscl n(p))=ifSp —at ™, andB°(B% — #°#°. The recent measurement at
K’ Gl CLEO [19] yielded the following bound at 90% C.L.:
X
1.5 1.5 7
AN ‘ & s g
ng 144 AN *‘Iﬁ 1.25 -
W 13 N “m L P
+'R 1.2 > ~ g -
B -
o 11 N 2 0.75 -
e . ~ - 'Pl-_’ P -
g2 - N o0.5 -
0.9 S g 0.25} . — —
~
0.8
0 0.2 0.4 0.6 0.8 1 0
£ 0 0.2 0.4 g 0.6 0.8 1

FIG. 3. Branching ratio for the averageBf(B%)— =" 7~ as a FIG. 5. Ratio of the branching ratio oB*—m~#° and

function of ¢. The solid curve is fou=m,/2 and the dashed curve B°(§°)—>7r*7-r’ as a function ofé. The curve is drawn foru
is for u=my. =my.
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2.4 1.8
wy
(=] v
T 220~ S 1.6
9 *
[ 2 ~ =2 1.4
+'l=’ = ~ OM '
A1 R
=l A2
m (=)
& 1.6 % 1
/@ )

1.4 08

1.2 06

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 !

_ _ — . FIG. 8. Branching ratio for the average Bf(B%)— 7°K° as a
FIG. 6. Branching ratio for the average Bf(B°)—~m"K" asa  fynction of £ The solid curve is fop.=m,/2 and the dashed curve
function of £. The solid curve is fop=my/2 and the dashed curve g for L=m,.

is for u=m.

the weak dependence on the scalebut strong dependence
on ¢. We shall see later that to enhariBe» 'K values of
The decay rates scale 5~ 7(0)|? and since the tree dia- £~0 are preferred. In the range whejés small, the present
gram dominates the process& — n*7° and B°(B°) bounds on ther* 7~ branching ratio of 1.510 ° already
~. 77, these two decays also scale¥s,/V.,|2. Depen- tells us that the produdV,,F/V,|<0.024. To enhance

dence on the QCD scale for these two decays is rather — 7 K @ large form factor is preferred. Sind¥\,/Vey)
mild because the tree amplitude depends on the Wilson co- 0.08+ 0'0_2’ we see that We are f9rced_ Into a region of
efficientsc, andc,, and these are weakly dependent @n small| V| if we wish to explainB— #'K without invoking
Further, the light quark masses in the matrix elements als§€" Physics. Further, the form factor cannot be taken larger

scale with u, partially offsetting theu dependence from than 0.4 without violating the present bounds|ls>’r;;blvcb|._
c1,. The partial width forB* — 7+ =9 for example is ob- The value ofy used does not alter the above conclusions;

tained from however, it will be important when we colsidélP violat-
ol ing effects. The ratio 0B — 7~ 7° andB°(B®) — =" 7~ is
1 p not sensitive to the form factor &, but is very sensitive
F(B'—m'7")= s Hg'A(BJrHWMTO)F @7 {0 values of¢. In Fig. 5 we plot thismr)atio fo;u:m):,. Future
measurements of this ratio will constrain the valuetofVe
where|p| is the pion momentum and the branching ratio isshall see later that a larger form factor, although favorable in
calculated by multiplying by the total rate;=1.49 ps. In increasindB— »'K, also enhanceB— 7K, resulting in con-
Figs. 2—4 we plot branching ratios averaged over particldlict with the experiment. We find that the form factor
and antiparticle for the modes™#°, #*7~, andn’n® as  |FB~7 |=0.36 and|V,,/V,p|~0.07 are the best compro-
a function of &=1/N. for two different values of the scale mjse. In summary, bounds oB— =+~ already provide
m, w=mp, and u=my/2. We have assumefV,,/Ves|  strong constraints on the size of the form factors and the

=0.07, y=35°, and the form factoFS*’f:O.%. We see value of |V ,/V¢y -

B(B*—a%7)<2x10°°% B(B’—w'77)<1.5x10 5

3.5 ‘

o IS |

=4 ~ v 8

P ~ =

~
L N AT
+g ~ 4 6~ ?
A 2.5 ~ = ~
+1 ~ N =~
—~
) ~ o) =
~ =
gg 2 ~ i) 4 \
~ -4
~ m -
1.5 T = ~ 2 S —
~ —
~
0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
FIG. 7. Branching ratio for the average 8 — 7 K° as a FIG. 9. Branching ratio for the average Bff —7'K* as a

function of ¢. The solid curve is for=m,/2 and the dashed curve function of ¢&. The solid curve is fop.=m,/2 and the dashed curve
is for u=my. is for u=my.
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9 v !
s 3 m‘i 8
x e
“y 7 Mool -
- -: —
~ 6 f 0
! “
o S
S &
& =
4 2
3
0
-30 -25 -20 -15 -10 0 0.2 0.4 0.6 0.8 1
o (in degree) 13
FIG. 10. Branching ratio for the average Bff —7'K* as a FIG. 12. Branching ratio for the average Bff — #»'K* as a
function of 6. The curve is drawn gk=m;. function of £ (dashed ling Same branching ratio but with the as-
sumption that ' has charm contentsolid line) with f‘;,
B. ProcesseB—wK, B*—'K*, and B*— pK* =5.8 MeV. Both lines are drawn fgz=m, .

We now examine the two body processes involving ka- . ) )
ons. The recent measurement at CLEDLY yielded the ~— 'K will go down correspondingly. We have also plotted

following bound: the average value @°— 7°K° as a function of¢ for two
different u in Fig. 8.
B(B* 7 K)= (2.3 11702+ 0 )% 10" Turning toB— #%’K, we first examine thé dependence
=(£.9.710-02=Y- '

for two different values ofu. We again see in Fig. 9 an
enhancement for sma§ and slightly larger values fop
=m,. This figure is based om— %' mixing of §=—25°.
Clearly, values o= 0.2 are consistent with data atrllt is

not possible to enhance the rate by increasing the form fac-
tor, becaus@®’— 7~ K™ will then become too large.

B(B*— 7'K*)=(7.8"21+1.0x107°. We have examined the branching ratio dependence of
B—#'K on the mixing anglef. In Fig. 10 we plot the
branching ratio foB— #’K as a function of9, and find that

We again choose the value of the form facﬁﬁﬁKzo,se, the branching ratio increases asecomes more negative.
and weak phase~35°. In Figs. 6 and 7, we have plotted  From experiment we also have the following bound at
the branching ratio foB* —7*K® andB°— 7 K*, aver- lo:

aged over particle-antiparticle decays as a functiog &br

p=my and u=my/2. There is only a slighg dependence B(B"—7'K")

with BT — 7 "K® being slightly larger foru=m,. Both R= ————F+

rates are enhanced at sméll In particular the observed B(B"—mK™)
branching ratio oB°— 7~ K™ already constraing>0.1. If

B(B®— m*K*)=(1.5"3591+0.1)x 1075,

=27. (28)

a smaller value of the form factor is used, the rate Bor 6
\O
o 5
4 :
+s 2.6 s
+ 4
’? 2.4 /lsf
= )
=4 =4 3
M 2.2 /M
" 2 2
R
|
"m 1.8 0 0.2 0.4 0.6 0.8 1
& g
0 20 4060 B0 100 120 140 FIG. 13. Branching ratio for the average Bff —7K* as a
Y (in degree) function of ¢ (dashed ling Same branching ratio but with the as-

sumption thatz has charm contengsolid line and small dashed
FIG. 11. Ratio of the branching ratio foB=—#'K= and Jine). The solid line and the small dashed line have different com-
B°(BY)— #*K* as a function ofy. The curve is drawn aj bination of signs forf} . We have used’,=2.3 MeV. All the con-
=my. tours are drawn for=m,.
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FIG. 16. CP asymmetry for the modB* — »K* as a function

FIG. 14. Branching ratio for the average Bf— 7K™ as a of
Y.

function of ¢ (solid line). Same branching ratio but without the
electroweak contributiofdashed ling Both the lines are drawn for ) )
w=m. small, the form factor is large, the weak phasis small, and

) ) ) ) the »— »’ mixing angled is = —25°. We now calculate the
In Fig. 11, we plot this ratio as a function of the weak phaserate  asymmetry for theB— 'K, B—#K, and B°
v for £=0.1. Since this ratio does not depend on the size of

L7~ K* modes in this parameter space. Interestingly
the form factors, or the value of th¥,|, we see that there enough we find the rate asymmetry to be 10% Bor 7K
is a strong preference for the values of smallWe therefore

when v is around 110° ang=0.1. In Fig. 15 we plot the
have chosen a small value ¢f-35° for our plots.

_ , rate asymmetry foB— nK against different values of for
If further experiments reduce the error on Be-7'K 4 fixed ¢=0.1. If we include the charm content the rate
branching ratio, and it turns out to be a larger number, ongsymmetry is slightly higher or lower depending on the sign
may have to consider the Ali-Greub suggestion of includingys “¢c |, Fig. 16, we show the rate asymmetry fér
. . 7] - . 1
the charm Contgnt. With valueg 0@,.25.8 MeV, and sign  _,,yK as a function ofy. The asymmetry in th8— 'K
so chosen to give a constructive interference, we plOt th@node is |argest, about 2%, Whe,ns |arge’~85°_ In F|g 17
branching ratio oB—K#" as a function o in Fig. 12. As e show the rate asymmetry for tB@— 7~ K* mode as a
we see, there is about a 15% enhancement in the rage atfunction of y. For y of about 35° and:= 0.2 the rate asym-

=0. metry in this mode is about 5%. The asymmetry maximizes
We consideiB— 7K as a function of¢ with or without  for 4 around 70° foré=0.2.

inclusion of charm in Fig. 13. Faf=0.1, the branching ratio

is of the order of 5 10~ ® and the process will not be hard to

observe. Inclusion of the electroweak penguin contribution V1. CONCLUSION

actually suppresses this decay significantly. In Fig. 14, we \ye nave shown that it is possible to understand the de-

show the branching ratio without electroweak penguin a“Q:ays of theB meson to light pseudoscalar mesons, i.e.,

with electroweak penguin. 7, wK, andyK, »'K within factorization approximation.

No new physics is needed. We can have a large branching

ratio for B— 'K as seen by CLEOQ, in the parameter space
So far we have found that the branching ratio ®f  which is not excluded by the other experimental observa-

—n'K* is large if we go to a parameter space whéris  tions. This region is found for 04£<0.2. The parameters

V. CP ASYMMETRY IN THE DECAY MODES
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FIG. 15. CP asymmetry for the modB*— »’K™* as a function FIG. 17.CP asymmetry for the modB®— 7=K™ as a function

of y. of .
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which we have varied to fit all the data are the form factorspenguin contributions; these are important B 7K. We

the QCD scale &), £(=1/N,), the absolute values of the have examined dependence on mixihgnd the weak phase
CKM elements, the weak phases, and the »" mixing  y. We agree on preference for small We also agree that
angle 6. We found that the large form factor helps to in- small values oft are preferred. We do not find the need for
crease the branching ratio 8f— 7]/K. But B— 77 and B charm in 77’ Compe”ing‘ We have also looked &P asym-

— K decays restrict the size of these form factors. We als@netries in the allowed parameter space and have found two
have found that smaller values gfenhance the branching modes where it may be possible to measure this asymmetry

ratio of B— 7K. In order to find the dependence gnwe  in the future. TheCP asymmetries for these two modes are
have studied the ratio of the branching ratioBo 'K and () B*—, »K* about 10% andii) B°— 7*K* about 5%.

the branching ratio oB— 7K. The ratio does not depend on
the form factors and we have found that the small value of
the weak phase=35° is preferred. We have found that the
smaller|V,,/V¢y| is preferred. Our investigation is closest in
spirit to Ali and Greub[5]. They choose the QCD scale This work was supported in part by the U.S. Department
=my/2. We have found that dependence introduces only a of Energy Grants No. DE-FG06-854ER-40224 and DE-
small effect on decay rates. We have included electroweakG03-95ER40894.
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