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Weak phasey from the ratio of B—Kr rates
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The ratio of partial decay rates for charged and nelralesons t& 7 final states provides information on
the weak phasg=Arg(V;,) when augmented with information on t@P-violating asymmetry in th& = 7+
mode. The requirements for a useful determinatiory afe examined in the light of present information about
the decaysB’—K* 7, B"—K%", and the corresponding charge-conjugate modes. The effects of elec-
troweak penguin diagrams and rescattering corrections are noted, and proposals are made for estimating and
measuring their importancfS0556-282(198)05311-9
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[. INTRODUCTION which we provide an estimate based 877 and B
—rl v decays. This method has become of particular inter-
The leading candidate to describe the violation@P  est now that the CLEO Collaboration has observed both the
symmetry in decays of neutral kaof| is the existence of B°—K*x~ and theB™ —K%7 " processegand their charge
phases in the weak charge-changing couplings of quarks toonjugates [9]. A similar idea can be applied tdg
W bosons. These couplings are parametrized by a unitary 3,K *K~ and B.— K°K® decays8,10.

X 3 matrix, the Cabibbo-Kobayashi-Maska({@KM) matrix We define amplitudes and discuss their phases and mag-
[2] whose elementsv;; connect the quarks=u,c,t of  nijtudes in Sec. Il. The extraction gffrom B— K decays
charge 2/3 with thosg¢=d,s,b of charge—1/3. occupies Sec. Ill. Several potential sources of systematic er-

The phasey=Arg(V},) (in a standard conventidi8]) is  rors, involving electroweak penguin amplitudes and rescat-
poorly known in this description. The unlikely possibility tering effects, are studied in Sec. IV. A generalization of the
that y=0 would requireCP violation in the neutral kaon method toB— K* = andB— Kp decays is discussed in Sec.
system to originate elsewhere than via CKM phases, e.g., vi&, and Sec. VI concludes.

a superweak interactiopd]. Thus, it is important to seek

independent information onry, which is provided by the Il. AMPLITUDES AND THEIR MAGNITUDES
study of B meson decays. -
Some time ago we proposed a mett&d of measuring A. Definitions
the weak phasey and « from the decay®°—K* =", B* We adopt a flavor-S(8) decomposition of amplitudes

—K%*, B°~m"#" and from charge-conjugated pro- which has been used in several previous description8 of
cesses. In the present article we explore in detail the part Qjecays to pairs of light pseudoscalar mesi@1—14. For
the method which determineg utilizing primarily the ratio  present purposes the important amplitudes are strangeness-
of decayS of ne!.]t-ral and ChargBdnesonS td 7 final states preserving (unprimed and Strangeness_changin:grimed
[6—8]. By combining information on the charge-averaged ra-amplitudes corresponding to color-favored tr@eT’), pen-
tio guin (P,P"), and color-suppressed tre€,C’) processes.
. The contributions of electroweak penguin diagrdrs,16|
I'(B°—K*™ 7 )+I'(B' =K~ 7™") @ may be included by replacing—t=T+Pg,,, P—p=P
C _ .
4 0 _+ _ o - —(1/3)Pgy, andC—c=C+ Pgyy, where the superscript on
T(B"—Kia")+T(B" =K ) the electroweak penguin amplitudi:,y, denotes color sup-
pression. We stress that, although this general description of
many processes in terms of just a few (SlUamplitudes as-
o i — sumes flavor SUB), in certain cases, such as the one dis-
I'(B"—K 7" )-I'(B" =K~ 7") @ cussed in the subsequent subsection, only isospin symmetry
+ 0+ 2 TN is required.
F(B =K )+T(B"—K m™) The phases of amplitudes fohS=0 transitions are
" A .
we find an expression foy which depends only on these AT9(VupVug)=7y for tree amplitudes and Aryf;Vig)

quantities and on the ratio of tree to penguin amplitudes for- ~ 8 for top-dominated penguin amplitudes. AarS|=1
the corresponding phases are Ar§(V, )=y (tree ampli-

tude and Arg(Vi,Vis) =7 (top-dominated penguin ampli-
*Permanent address: Physics Department, Technion-Israel Insfitd®. Nothing changes in thed s =1 penguin transitions if
tute of Technology, 32000 Haifa, Israel. these receive important contributions frase intermediate

R

with the CP-violating rate asymmetry

Ao
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stated17,18. While the phase of thA S=0 penguin ampli- C. Magnitudes of amplitudes
tude may be affected under such circumstapt&f we shall The CLEO Collaboration[9] has observed bottB°

not be concerned with this phase. —K*7~ andB*—K°%#* (here we do not distinguish be-

_ In the rest o_f _this_ section we ignore amplitud_es WhiChtween a process and its charge conjugaféhe observed
involve the participation of the spectator quark. Without re'%ranching ratios are
y

scattering, these amplitudes are expected to be suppressed

a factor of fg/mg, where fz~200 MeV is theB meson B(BOHK+7T‘):(15J_’ZJ: 1+1)x10° 6, (5)
decay constant. The neglect of these contributions was noted
to be equivalent to an assumption that some rescattering ef- B(B*—>K°w*)=(23ﬁ}ér3i 2)x 108, (6)

fects are unimportant, thus leading to the vanishing of certain

final state interaction phase differencEs2,19-21. Such  We shall express squares of amplitudes in unitB @ranch-
amplitudes can also be generated by rescattering from inteirg ratios times 18 In Ref.[14] we averaged the ratg$)
mediate states obtained B§'), P("), C{") amplitudes. Using and(6) to obtain|P’|>=16.3+ 4.3. However, here we shall
a Regge analysis to demonstrate rescattering effé2i23, leave open the possibility that a significdrit contribution is
it was shown[24] that such amplitudes may be suppressedaffecting theB°—K* 7~ rate, and takdP’|?=23+10.5
only by a factor of about 0.225] rather than byfg/mg  from theB" —K°#* rate.

~0.04, in which case explicit tests for such rescattering can We estimatdT'| by relating it through flavor S(3) to the
be performed. The effect of these rescattering amplitudessorresponding strangeness-preserving amplit@ideyovern-
assumed to be as large as estimated in K], will be  ing such decays éB°— 7" 7~ andB* — 7' #°. Using the
studied in Sec. IV B. Similarly, we begin by ignoring elec- phase conventions of R€f12], we find

troweak penguin contributions, deferring their treatment to 0 L
Secs. IVA. AB"—m 7 )=—(T+P),

B. Decomposition forB— K decays ABT—mm0)=—(T+C)IV2. @)

The amplitude forB™—K°%r" is given by a QCD- Although neither process has been observed with a statisti-
penguin contribution: cally significant signal, Ref.9] quotes a 2.8 signal of

A(BT—KO7m)=—|P'|, ©) B(B"— a7t 7%)=(978)x10°© €)

where we have adopted a convention in which all strongand a 2.7 signal of
phases are expressed relative to that in|thgl=1 penguin B(B—mta )=(7+4)x10"°C. 9
amplitude. As a consequence, one expectLiviolating
difference between the partial widths'o,=I'(B*  Taking Eq.(8) as an estimate dfT|?/2=9+5.5 (neglecting
—K%r*) andl',_=T'(B~—K%7 ). (We use a notation in the color-suppressed amplitu@zin B* — 7" %), and Eq.
which the subscripts denote the charges of the final kaon arnl®) as an estimate ofT|?=7=4 (neglecting the penguin
pion) For brevity we shall thus defilB.=T'y.=T,_tobe amplitudeP in B°—="7"), we find [14] that |T|*=8.3
the partial width for a chargeB to decay to a neutral kaon +3.8. The observed rate for the semileptonic de&ty
and a charged pion. . — a7y [26],

The amplitude forB°—K* 7~ is expected to be domi- _ .
nated by the penguin contributid® . One only uses isospin B(B°—m 1 7v)=(18+0.4+0.350.2 10", (10
symmetry to relate the penguin amplitudes in neutral an
chargedB decays tK 7 states. The tree contribution can be
roughly estimated12], |T'/P’|~0.2. We shall refine this
estimate presently. Thus

qs compatible with this estimate if one calculates g
—a*t7~ decay via factorization. An early estima[g7]
based on a form factor dominated by tB& pole,

0 Wt - ) ' i O F(B°>m1"w) _ Mg ~13 11
ABO—K ) =|P'| ~|T'[e %", FE rr) L2 % W

ABO—K 7 )=|P’|—|T’|e'%e 17 (4  would imply B(B°— 7" r7)=(1.4£0.4)x 10 ° and hence
’ |T|?=14+4 on the basis of the observed semileptonic rate

. . 0). More recent estimatef28] yield a similar range of
where § is the strong phase difference between the tree an lues. An improvement of the data will allow one to focus

penguin amplitudes. The correspondingLates may be defin theq? value appropriate to piofor kaor production and

as ', _=I'(B°—K*7w") and I'_ =T'(B°~K™ 7). A thus to reduce the dependence on models drastically. The
CP-violating rate asymmetry’, _#I'_, may arise when- direct CLEO upper limit[9] B(B°— =+ 7 )<1.5x10°°

ever both sind and siny are nonvanishing. At the same time, (90% C.L) gives a poorer upper limit ofir|? than our esti-
even if sin6=0 so thatl', _=I"_, , these two partial rates mate.

may differ fromI'; as a result of the extra’ contribution One then uses factorization which introduces (U

they contain[6-8]. This difference can shed light on the breaking through a factdi /f,. [12] to predict
weak phase. Our purpose in the present paper is to estimate

the experimental demands on such a determination. |T'IT|=(fc/f,)|Vys/Vyud=0.27 (12
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with an error estimated to be about 20gte typical breaking r = 0.18
of flavor SU3) symmetry [29]. Combining the estimates for
amplitudes and their ratio, we then find IR U L I B

r=|T'/P’|=0.16+0.06. (13

The estimate of T'| is likely to improve in the future
once the spectrum for the semileptonic de@y- 71"y,
is measured a’qzzmﬁ. One uses factorization directly
[30,3] to predict

F(BOHK+777)|tree

dIr'(B°— =11y
= 6772f§|vus|2ai ( dqz l)‘

(14

| 2= 2

with a; =1.08+0.04[32]. This value was obtained from a fit
to b—cud subprocesses iB—D®)+ 7(p) decays. The

value appropriate to the subprocesbesuud andb—uus

which contribute to the tree amplitudes B+ 77 and B

— K may be slightly different. It may be difficult to deter-

minea; to an accuracy of better than 10% in these processes FIG. 1. Value ofR (ratio of neutral to chargeB— K partial

as a result of penguinR) amplitudes accompanying the fac- widths) as a function ofy=Arg(V},) for r=0.16. Solid lines are

torizable color-allowed T~a;) and non-factorizable color- labeled by values of the pseudo-asymmetry paraniéigr Dotted

suppressed G~a,) AS=0 amplitudes.(In contrast, B boundary lines correspond #&,=0. The casey=0 for arbitraryR

— D has no penguin contributions. between the bounds of the dashed lines also correspondg to
Since the present branching ratibo) is known to about :.O. Also shown(dot-dashed lingsis the Fleischer-Mannel bound

30%, a factor of 100 increase in the data santplevisioned sirfy<R

in future high-intensity studigsvould permit this branching

ratio to be known to about 3%. More crucial is the error on

the differential rate on the right-hand side of Ety). As we In the presence of information an(see also Ref8]) one

shall see, a 10% determination |d' | (hence a 20% accu- can provide a more precise estimatejoby measuring the

racy in the differential rate ag®=my) is the accuracy that gifference inB°—K* 7~ andB°—K ™= decay rates. One

will be required in order for the present method to be reaforms the pseudo-asymmetry

sonably useful.

- /
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B. Use of information onr

_T(B*—K*7)-I'(B°~K @") T, -I_,

0= — =
I[(BT—=K%7 ")+ (B~ =K% ") 2l'c
A. Fleischer-Mannel bound (18

lll. EXTRACTION OF y FROM B—Ka« RATES

Recalling th finitions of . II, we may form the rati . . .
ecalling the definitions of Sec. I, we may form the atoNote that the denominator is taken to b&Rin order to

_ H 12 H H H ’ _
[(BO—K* 7 )+ T(B~K-7*) T, +T_. divide by |P’|# without any complication from th@' am

= plitude. Since
[(BY*—>K%z")+T(B- =K% ") 2l'c _ _
(15) Ay=2r sin é sin v, (19
which has the simple forrf6—8| one can combine Egél6) and(19) to eliminates. The result
is
R=1—2r cosy cosé+r2. (16)
R=1+r2+/4r? co y—AZ cof 1. (20)

Fleischer and Mannd]7] have pointed out that iR<1 a

useful bound ony can be obtained regardless of the value ofThis quantity is plotted in Fig. 1 for=0.16 (the central

roro: value of our estimajeand various values dA,. (Note that
the results are insensitive to the sign A&f.) We vary r

sir y<R. (17 between its limits and ploR for r=0.10 in Fig. 2 and for

r=0.22 in Fig. 3.

The present value dR is 0.65+0.40, and so a reduction of Let us assume for the moment thais known. Figures

errors by a factor of 3 with no change in central value would1—-3 have several interesting features.

begin to provide a useful limit excluding some region around (1) The maximum value ofAo|=2r occurs only fory

y=ml2. = 5=90° [as one sees from ELI)].



6846 MICHAEL GRONAU AND JONATHAN L. ROSNER 57

r = 0.10 betweeny and w—vy, can be studied theoretically. One
model-dependent calculatiof83] finds §< /2, implying
that R is smaller(largey than 1+r? for y smaller (largep
than/2. This model calculation ignores possible phases due
to soft final state interaction22,34].

Equation(20) can be inverted to obtain a quadratic equa-
tion for sir? y in terms ofr, Ay, andR. We then find

LN B } T T | T T | T T T

1.2 Sl

1.1

o

o

o '
Il\|||\1|||

4ar sin y=={[(1+1)2=(R+Ap) I[(R—Ag) — (1—r)?]}2
{[(1+1)2=(R=AQI[(R+Ag) — (1—1)?]}*2
(21)

0.9

0.8 This relation also follows directly from the geometry of a

SN R S A triangle formed by the amplitude&(B*—K%z"), T’,
0 =0 40 60 80 A(B°—K™77) and the charge-conjugated triangle. The tri-
7 (degrees) angle construction is similar to one employed in R88] for
FIG. 2. Same as Fig. 1 but for=0.10. obtainingy from B—DK decays. One measures the sides of
two triangles(for three processes and their charge conju-
(2) The result is symmetric with respect tp—m—y,  gates, sharing a common basg’ in the present cage
sinceA, is only sensitive to siry and the cos term inR ~ Where another pair of sides in both triangles is equal in

involves a sign arbitrariness. length (T’ in the present cageand forms an angle42 Just
(3) The sensitivity toy in the rangey>45° is greatest for as in theB—DK case, one of the sides of each triangle)(
Ay=0. is much smaller than the others. This leads to large experi-

(4) As long asA,# 0 there will be two solutions fot in mental uncertainties in determining following from rela-
the range & y=</2 (and two in the ranger/2<y<s) for  tively small experimental errors in the side measurements
any givenR. Observation of a non-zerd, would rule out  (square root of rates Furthermore, the magnitude of the
the possibility of y=0 mentioned in the Introduction and small T’ suffers the largest theoretical uncertainty. So, if one
hence would disprove a superweak modelCd? violation. ~ draws these triangles in roughly correct proportions, one can
The sign of coss, which would resolve the ambiguity S€e why the uncertainty i is likely to be large.

r = 0.22 C. Required precision

L LN B S IS The precision iR, r, andAq required to measurg to a

given level depends on their values. We consider two ex-
> treme cases of final state phases which bracket others. In the

first, with sins=0, corresponding to parameters near the

dashed boundary curves in Figs. 1-3, the erroy is domi-

nated by the errors iR andr. In the second, corresponding

to parameters midway between the dashed boundary curves

in Figs. 1-3, with co$=0 andR=1+r2, the error iny is

due to the errors im andA,.

(1) When siné=0, we have the simple result

14 —

12 —

R-1-r2

B 22

cosy==*

so that

d 1 d cosSy=r
R “Farsny . "reny @

08 — r R

Let us take as an example the case0.16, A;=0, andy

=90°. ThenA y=5° corresponds tpAR| =0.028 for fixedr

- / and|Ar|=0.087 for fixedR. The requirement oR is more

06 Lo / ] stringent. In order to satisfy it, we need about 2500 events in

’ / both charged and neutral modesB¥ K, or roughly 200

times the present sample. This is thought to be within the

capabilities of an upgraded version of the Cornell Electron

Storage RingCESR [36], as well as dedicated hadroric

production experiments at the Fermilab Tevatron and the

FIG. 3. Same as Fig. 1 but for=0.22. CERN Large Hadron CollidefLHC) [37].

/
L 1 1 1 1 | 1 1 i 1 | 1 L ! L ‘ L L 1 1 t L 7
0 20 40 60 80
v (degrees)
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A second example with sii=0 exhibits greater sensitiv- ferent color structure. The calculation is based on factoriza-
ity to r. Wheny=45° or 135°(which is about as far from tion of hadronic matrix elements of QCD and electroweak
vy=90° as allowed by present fif88]) we have penguin operators. With all uncertainties involved, a conser-
vative estimate should allow values|6f.3/P’| at a level of
5% [40], given roughly by a product of the ratio of corre-
sponding Wilson coefficients and a color fac{d?]. The
effect of electroweak penguin contributions on our analysis

Choosingr =0.16 and the positive sign in the second of theWill be studied in Sec. IV A. We will also suggest ways of
above two equations to exhibit the more stringent requireéasuring electroweak penguin contributions in related pro-
ment, we find that an error ¢AR|=0.028, which as noted C€SS€s. , v o s
in the previous example is thought to be within reach in A Small A" term should also be allowed B&" — K" ",
future experiments, correspondsig/=7°. An error inyof ~ A naive estimate ofA” neglecting rescattering/A’/T’|
this same magnitudéfor r=0.16 is associated witar ~ ~fs/Me, yields|A’/P’|~0.01. (A similar estimate applies
—0.016, i.e., a 10% error inor a 20% error on the quantity 0 theu-quark contribution toP’.) Rescattering effects are
dl(B%— 7~ 1% 1) /dq? at qzzmﬁ, as noted at the end of hard to c_alculate. .Regge-n_wdel estimdi2s,24], in yvh|ch
Sec. Il C. Thus, one can envision determiniptp an overall ~ '€SCattering from intermediate states suchKesr” is de-
error of[(7°)2+ (7°)2]¥2=10° if y=45° or 135°, and if the scribed by ap-trajectory exchange, _suggelsfk’/T’_|~0.2. _
required precision on can be achieved. _The consequences of such rescattering effects will be studied

(2) When coss=0, the magnitude of the asymme{dy,| in Sec. I_V B. A few_ methods for direct measu_rements of
is just 2 siny, so rescattering effects in SB)-related processes will also be

' described.

_1 dy

-+ 1
. V2r or

ay

1
=+ —
IR +V2+ . (24

R

dy 1 dy tany

I[A| r= 2r cosy’ ar " ‘= r (25) A. Modification due to electroweak penguins
0

In the presence of electroweak penguin contributions,

Taking y=45° andr =0.16, we findA y="7° corresponds to Which carry the same weak phase RS Egs.(3) and (4)
A|A|=0.028 for fixedr andAr=0.02 for fixed|A,|. Mea-  take the form[5]
surement of|Ao| to =0.028 requires 1250 events each of

B°—K*™#~ and B°—K~#*. Thus, a measurement of
with an overall error of less than 10° appears feasible in this
case as well.

The reduction ofAr/r by about a factor of 4 te=10%
appears to be at the limits of understanding of form factors
which would permit determination of in B— 77~ from — c S
factorization andB— =l v, . (The B— v decay is claimed AB =K~ m")=|p'+ Pyl —[T'[e%e™"7. (27
to be capable of yielding an accuracy of 10% in determining _
|Vl [39].) As noted at the end of Sec. Il C, if factorization A common unmeasurable strong phase in Bfeand B°
is found to be reliable in comparing®— 7" 7~ and B decay amplitudes has been omittéds the corrected strong
—lv decays, one may be able to pass directly frBm phase difference. Consequently, the expressionsRfand
—arlv decays to an estimate of the tréE') contribution to Ao are modified as follows:

B°— K", since all that is required is for the weak current 2 , 2
to produce a kaon, a process which we can estimate reliably. R/a®=1-2r" cosy cosd+r's,

A(B*—Kom")=A(B”—K%r")=—|p'l,
p'=P’ —(1/3)PL,, (26)

A(B*—K* 7 7)=|p’ + Pyl —|T'[€'%"?,

2_ ! o H
IV. SYSTEMATIC ERRORS Aola®=2r" sin g siny, (28)
Aside from the statistical errors analyzed in Sec. Il weWhe,réa a:|1+(PI,E(\:/\/p,)| and r':(1/~’¢1)|-|"/D'|=|'|"/(2D'.
have noted that a systematic theoretical error in determining Pew)|. The Fleischer-Mannel bound becomes “gin
r of =10% seems to be unavoidable. An error of this mag-<R/a”.

nitude is encountered whether we determingrom B° Using|PL3/p’|<0.05, and assuming an arbitrary relative
— a7~ andB*— 7t 70 decays, thereby omitting nonfac- strong phase difference between and PEW, one hasa?
torizableP and C terms, respectively, or froB— wlv; de-  =1.0+0.1. This factor normalizes both the ratio of rafs

cays. In addition, two smaller contributions to the amplitudesand the asymmetrf,. The electroweak penguin terms in-

should be notedA) the effects of the color-suppressed elec-troduce an additional 5% uncertainty in the ratio of tree-to-

troweak penguin termsP’E‘\:N in B>-=K*#~ and B* penguin amplitudes’.

—KO%*, and (B) the effect of the annihilation amplitude An important question is whethex is larger or smaller

(called A’ in Ref. [12]) (or rescattering effectson B* than 1. Model-dependent perturbative calculatipn83] of

—Ko% ™. QCD and electroweak penguin amplitudes suggest that the
Fleischer and Mannel find a very small electroweak penstrong phase difference betwephand P’ES\, is smaller than

guin term[7], |P£5/P’|<0.01. The small value is obtained /2; hencea>1. This would imply that bottR and A, can

as a result of a delicate cancellation among larger contribuenly be increased by electroweak penguin contributions and

tions from electroweak penguin operators which have a difthat the Fleischer-Mannel bound is maintained. Since such
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calculations disregard possible phases due to soft final statehich is given byfA, =2|A’/p’|sin A siny. Since|A’/p’|
interactions[22,34], one cannot exclude, however, the pos-~0.05, this asymmetry is not expected to exceed the level of

sibility that a<<1. 10%.
One way to obtain a clue to the sign af 1 is to com- The factorf/a? in R andA, involves roughly equal had-
pare the rates foB™ — K%z " andB°—K°#° [12]: ronic uncertainties due to rescatteriny)(and electroweak
penguin @2) contributions. Although it is unlikely that this
2I'(B°—K%7%) PI,EW‘Z factor differs from unity by more than 20%af/f=1
I(B"—K%7") - p’' | ' (29) +0.2), it introduces sizable uncertainties in the determina-

tion of y as described in Sec. Ill. The Fleischer-Mannel

where a smaller color-suppressed tré® ) term was ne- bound becomes sin<(f/a)R. The usefulness of this
glected. A measurement of this ratio would determinemethod in determiningor at least constrainingy depends
whether the relative strong phase betwdd, and p’ is  crucially on future experimental limits on rescattering ef-
larger or smaller thanr/2. Although, in principlePL,, and  fects. Let us mention a few such possible measurements in
PLS, can carry different strong phases, it seems likely thaSU(3)-related processes. _
this information would be sufficient to determine whetaer ~ The most direct measurements of rescattering effects can
is larger or smaller than 1. The deviation of the ratkg) P& made irB decay processes which in the framework of a
from 1 would also provide some information on the magni-diagramatic S(B) description12] proceed only through an-
tude of the color-allowed electroweak amplitudeL,,, nihilation of th(_eb and spectator quarks. Such decays may
which could provide a useful measure for the smaﬁ%ﬁv al_so proceed via rescattering from other less-suppressed am-
term. Other ways of measuring the importance of elecp“tUdes.' In this case, Regge-mod?l elst|m@ﬂ.53324] suggest
troweak penguins have been noted in RET&, 16,41, that ratios of amplitudes such /T and|E/T| are en-

The inclusion of electroweak penguins in Figs. 1-3 isha_nced frome/mBjO.O4 (without rescatterlnpto ~0.2
straightforward. The figures are to be interpreted as plots of/ith rescattering A list of all such processes, in whichga
R/a? versusy for different values ofA,/a2 and for a fixed ~MeSON decays to two pseoudosEaIfilrs, is given in [2¢].
value of r’. The 142 factor involves a 10% uncertainty. _ COnsider, for instancés”™— K™K~ which is given by the

Such an uncertainty iR/a? is seen to lead to a rather large @MPlitude OE- In the abg;enc? of rescattering one_ex-
theoretical error in determining, typically of a few tens of PECtS B(B’—~K'K)/B(B — " ) ~[E/T|*~(fg/mg)
degrees. The error decreases with increasing ~00.OO%. [SU(3) breaking and theo penguin contr_|t5>ut|qn to
B*— 7" 7~ are neglectedFor B(B"— 7" 7~ )=10"", this
would imply B(B°—K*K™)~2x10"8 or 200 times
smaller than the present CLEO upper lif8{. On the other

In the presence of final state rescattering, the general dérand, a description of rescattering it K~ from #* =~

composition of the decay amplitudes of charged and neutraind from other intermediate states, in terms ¢f*aRegge-
B mesons is given in terms of amplitudes carrying specifidrajectory exchange, suggests tHatT|~0.2, thus implying
weak phasegl12]: B(B°—=K*K™)~4x1077, only an order of magnitude be-
N I , By low the present limit. A future stringent bound ds(B°
A(BT =K m")=—[p'|+|A’|e'%e", (830 _Kk*K"), at a level of 107 or lower, would provide a
useful limit on rescattering effects.

Another way to measure these effects is to comifte
—KOK?° (given by P) with B*—K*K® (given by P+A)
[12], both of which are anticipated to have branching ratios
near 10°. If rescattering can be neglected, théa/T|

B. Modification due to rescattering

AB*—K* 7 )=|p'+ Pyl —|T'|e%™. (31

We will assume that the magnitude Af (acquiring an un-
known strong phasd), dominated by rescattering from in-
termediate states such &' 7° and multibody states, is

given by|A’/T'|~0.2. Estimates of the other ratios of am- ~/8/Ms~0.04, while |P/T|~0.2 follows from recent
plitudes were given in previous sectioms~|T'/p’|~0.2 CLEO measuremeni{d 4]. Therefore, the two branching ra-

1C it tios are expected to be equal within a factor of less than
and|Pgy/p’| ~0.05. =1.5. (Electroweak penguin contributions do not affect this
relation) On the other hand, Regge-model rescattering im-
plies|A/T|~0.2, in which case the two branching ratios may
R=1-2r' cosy coss+r'?, differ substantially, by up to a factor of 4 or so. Also, the
interference ofP andA in Bt —K"K® would lead to a siz-

f able CP asymmetry between the rate of this process and its
<_2) Ao=2r' sin 6 sin vy, (32 charge conjugate. These measurements could provide useful
a limits on final state rescattering.

The general expressions fBrand A, are

a2

where f=1-2|A’/p’|cosA cosy+|A'/p’|2. The interfer-

ence betweemp’ andA’ in B*—K%r" leads to an asym- V. GENERALIZATION TO B—(K*mr,pK) DECAYS
metry
In addition toB— K decays, one may also obtain infor-
IB*—K°# ) —T(B~—K 7" mation abouty from the analogous decays to a vector meson
A= (B"=K'm7) (B =K' ), (33 and a pseudoscalaB—Kp and B—K* 7. Each of these

[(B*—=K%7*)+T(B~—=K% ") two systems of neutral and chargBdlecays involves S(3)
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amplitudes of a specific kinf#2], and can be studied sepa- the determination of the magnitude of the tree amplitude
rately in a way very similar t8— K. The amplitudes of (T’) interfering with the dominant penguin amplitud@’().
B"—K*%7" and B°—K* "7~ are given in terms oP),  This requires one to measure t&°—z*7~ or B
and Tj, whereas those " —K%* andB°—K*p~ are — o "0 rate to better than 20% and to make corresponding
described byP), and T{,. Here the subscript on each ampli- impr_ovements in the u_nderstanding of hovy well factorization
tude denotes whether the spectator quark is included in @pplies to the comparison &°— 1" with the tree am-
pseudoscalarR) or a vector {/) meson. plitudes of B~ 7" 7™, B* 7' 7% and B>->K* 7~ de-
The values of the hadronic parametgis/P’|, §and the ~ Cays. _ _
electroweak penguin corrections obtain different values in Another theoretical error follows from hadronic uncer-
B—Km, B—K*m and B—Kp. As noted in Sec. I, the tainties in calculating electroweak penguin contributions to
sensitivity of measuringy increases witT’/P’| since the theB—K decay amplitudes. A 5% contribution would lead
asymmetryA, and the deviation oR from 1 are both pro- 0 an uncertainty iny of the order of tens of degrees. Finally,
portional to this ratio. In Ref42] we concluded from recent We argued that an uncertainty at a similar level follows from
CLEO data[43] on B* ~K*w and B* —~K* ¢ that |P| possible rescattering effects Bit — K%z ". The importance
<|P!|. Model-dependent calculatiorja8,44 predict |Tp| of such effects may be found_by future measurements of the
>|Ty|. If this tums out to be the case, namelyf{B*  rates forB°—K*K~, B~K°%K® andB" —K*K®
—pta%>BB*—=p°7") and B(B°—p* 7 )>B(B° Npte_addedAfter the present work was _submlltted for
—p~m), then one would also conclude thith|>|T!|. publication there appeared a related st(id§] involving a

Hence,|T4/PL|>|T!/P!|. implying that in this respect de- slig_htly broader range of =0.20+0.07. Very recently R. .
cays '[O|Kf77 g|re |mc\)/re \élensitri)vi tg a measuremengfahan Fleischer[46] has discussed a set of measurements which

decays toKp. permit constraints to be placed on rescattering and elec-
troweak penguin effects.

VI. CONCLUSIONS
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