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We derive constraints foB— V,;V, modes ¥, ,=vector mesonthat allow a model-independent quantita-
tive assessment of the contributions from electroweak penguin diagrams and/or new physics. The interplay of
direct CP with oscillation studies then may lead to the extraction of the anglesingB— K* w(p) andB
—pw(¢). Any reservation one may have can be explicitly verified in a model-independent way by assuming
only isospin conservation. We also briefly mention how the method can be used to extriacB, decays:
B—K*p, K*K*.[S0556-282(98)05323-5

PACS numbses): 12.15.Hh, 11.30.Er, 12.60i, 13.25.Hw

I. INTRODUCTION set of three ratio§R;, R,, Rz} which monitor EWP con-
tamination. In particular ifR;# 1 then it is implied that an

Recent evidence from CLEQL] indicates that the long £\ diagram procegsr non-standard-modé8M) physicq

sought after penguin decays occur at the appreciable rate akes a significant contribution. Decays where EWP dia-

about 10°. In both theb—s andb—d transition interfer- grams are small may thus be identified as candidates for the
ence between the tree and the strong penguin diagrams Sraction of CKM phaseséin particular). In these cases,
expected to lead t€P violation effects. Two of the most 55 we will show, the value of the CKM phase can be deter-
important applications of these rare hadronic decaySBre mined by combining information from dire@ P violation
determining the phases of the unitarity triang®, and(2)  \ith that from oscillation studies.
testing the presence of nonstandard physics. In this paper we We focus on four particular examples where this method
will show that among suclB decays those involving two- may be applied to determine. In the case ob—s transi-
vector mesons in the final state can be very useful for attaintions: K* + » andK* + p, while in the case ob—d transi-
ing these goals. tions: p+w andp+ ¢. Even if it turns out that every case
Following Gronau and Londof8], a general strategy for has significant contamination, important information about
extracting Cabibbo-Kobayashi-Maskaw&CKM) angles the magnitude of these EWP diagrams may still be obtained
from modes that result from the interference between treén these reactions which should be valuable in its own right.
and penguin diagrams is to exploit the fact that the strongror instance, if the contaminating effects are much larger
penguin and the tree diagrams have different isospin trandhan anticipated, they may represent evidence for physics
formation properties. For example, the strong penguin diabeyond the SM.

gram b—d has Al=1/2 whereas the interfering tree ( The outline of the rest of this paper is as follows. In Sec.
HUUCI) has bothAl = 1/2 and 3/2. Il we describe the crux of our analysis where we determine

. .. the phase difference between each of the meson decays and

n gener_al, the V|rtua|_g|uor_1 produced by the penguin dla'he corresponding tree amplitude. As a byproduct of this
gram .con.trlbutes a n.et ISoSpIn O.f 0. By a suitable choice o nalysis we obtain a condition which is sensitive to the effect
combinations of various exclusive final states that resulbf EWP amplitudes. In Sec. Il we describe the extraction of
from the quark level transition, a separation of the pte  he pecessary information to perform this analysis from the
=3/2 piece becomes possible yielding the anglp4]. experiment. Then the method for determining the CKM

If tr_lere is a .substantlal gontrlbutlon from electroweakphasea by combining information from oscillation experi-
penguin(EWP) diagrams, which produce a virtudlboson  ments is discussed. In Sec. IV we consider various specific
or photon, this method fails because theboson and the examplesB—K* », K*p, pw, andp¢, and in Sec. V we
photon, unlike the gluon, can carry the isospir=(L) com-  yresent conclusions and briefly mention how the method

ponent yet it has the same weak phase as the strong penguj % Tr Lk
[5]. In the b—d transition then, both the tree and the EWPLI!TQJly also be used to extragtfrom Bs—K*p andK* K.

diagrams will generaté\l =1/2 andAl=3/2. Thus in the
standard model, from isospin considerations alone, it is not
possible to isolate EWP diagrams from the tree amplitude.
In this paper we suggest what might be the next best We first discuss the general mathematical framework that
thing. We consider the dec®—V,V, (i.e., two-vector par- we will use to find the phase between the meson transitions
ticles and, taking advantage of the information present inand the quark-level tree diagram. The cases we will consider
the decay distributions of the vector partic|$, we derive a here consist of two amplitudes which are related in some

II. GENERAL FORMALISM
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way by isospin, in particular B~ decay which we denote as whereU; is the strong penguin amplitudfe"} are the various
u? and aB® decayu'z‘. We denote the corresponding final tree contributions to these amplitudes where the subscript
states of the two decays &sandf,. Here, the superscript ~ (j =1,2) specifies the initiaB state, and the superscripit (
indicates the helicity of the vector particles, thatfsis the ~ =1,2...) designates the final state. Hereare coefficients
amplitude for the decay with the final statg!  derived from SW2) of isospin(i.e., Clebsch-Gordon coeffi-
:(ngg)i’ h=—1, 0, +1. In addition, one has the conju- cients. If we now_take any two amplitudes, for instance,
gate amplitudes? and 0} for B and B® decays respec- u(B~—f1) andu(B°—f3), we can write a relation of the
tively. type:

In order to proceed, we need to construct, in the absence _
of EWP diagrams, a combination of the two amplitudes rsu(B-—f1)—riu(B®—f3)=r3Ti—riT3, )
which receive a contribution only from the tree. Such a com-
ponent can be isolated since only the tree contributes a termvhere now the right-hand side only contains tree amplitudes
to the effective Hamiltonian withAl =1 (for b—s) or Al and so has the weak phase of the tree. This leads to a relation
=3/2 (for b—d). In contrast, for these two transitions, the of the form of Eq.(1) where
strong penguin diagram contributes ky pieces withAl

=0 andAl=1/2, respectively. Therefore, a combination of C,=r3,
the amplitudes which has isospin properties as that of the
pure tree diagram will contain only the weak phase of the = —r}. @)

tree diagram. We denote such a combinatign’+c,ub.
This amplitude and it P conjugate will be related as fol-

lows: Let us now survey decays of the tye—V,V,. In the

case ofb— s transitions the penguin amplitudeAd =0 and
therefore in all cases there will be only one penguin ampli-
tude. In particular, this will be true fd{* @ andK* p. In the

where 8; is the weak phase of the tree diagram. Indeed théa}tter case there are fou.r related final states. Slrjce, in prin-
ciple, we only need two final states for our analysis, we may,

value of 57 will depend on the phase convention for particle . . .
- : : erefore, choose that pair of final states to enter into(Eq.
versus antiparticle decays. The physical observables will notphich we expect to be the least effected by EWP contribu-

depend on this convention, though. In practice the same confy

. . o , tions, as will be discussed in Sec. IV.
vention will also enter the phase @B oscillation and in In the case ob—d transitions, the penguin amplitude is
comblnatlon.th|s dependencg W'." canqel_ ) Al=1/2. In principle, this can transform thB isodoublet
Constructing such a relation is straightforward if one of;.0 -\ =0 or1=1 final state: thus there are two possible
the flnal particles is an |sos_calar. More_generally, such Ebenguin amplitudes. ¥, is an isovector an¥, is an isos-
relatlpn can be constructeq i aqd only (if) at least two calar(e.g.,B— pw) then there is only ah=1 final state and
amplitudes related by isospin are involved, #Rdthe strong '

in effective Hamiltoni tribut | > a relation of the form Eq(1) may be constructed. On the
penguin etlective mamiitonian can contribute only one 1S0S-,, o handB— ww does not work because there is only one
pin amplitude to the final state.

amplitude involved whileB— pa; fails since there are two
For example, suppose we have a system of decays co

- X Z ) IB’enguin amplitudes leading te=0 andl =1 final states.
sisting ofn, different states fronB ™~ decays ana, different If Eg. (1) can be established, then the extraction of infor-

states fromB® decays where all of the decays in questionmation about phases in the CKM matrix proceeds in three
B~ —f}, i=1,2...n;andB%—f},i=1,2...n, arerelated steps.

by the isospinfor instance, all the various charge combina- (1) First, as discussed in Sec. Ill, the study of the angular
tions of K* p). If this is a case which satisfigd) and (2), distributions of the decay products of the two-vector par-
then there will be only one strong penguin amplitude,, in  ticles in each reaction will give us the magnitudes of the
the above system. Therefore, one can write the amplitudeselicity amplitudegu!"| and the phases between pairs of he-

(cauf+couf e oT=(couy "+couy et (1)

for these decays as licity amplitudes that lead to a common final stéad thus
o 1 interfere.
u(B™—f)=riUp+Ty, 2 (2) Secondly, as we will describe below, we will use Eq.

(1) to obtain the phase difference betweghand uf) (and

likewise betweenu! andub). At this stage three conditions
allow us to check the consistency of the assumption that
EWP contamination is not significant.

U(B™—f3)=r2up+T2,

(3) Finally, as we discuss in Sec. lll, if, is the decay

u(§0_,f§):rgup+ T% amplitude to a self-conjugate mode, an oscillation experi-
ment fixes the phase between and u, so that now the

u(§0_>f§):rgup+-|—§ phase between all pairs of amplitudes becomes known and

information aboutd; (in combination with theBB oscilla-
O tion phas¢ may then be recovered.
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In order to carry out the third step of this program, the ____+~h—h7 L , . .
. =arg(u. tu. ?). This information her with E iV
neutral B decay must be to a self-conjugate state. In ex- arg(u;"u; *) s information together with Ed1) gives

amples such a8— ¢p this requirement is met since the us the system of equations we must solve for the relative

stategp? is self-conjugate. On the other hand, when one oiphaB‘Q’eizrgf ﬂ:(e)caerg(fl)il:wt%s.solve this svstem. it is useful to
the final-state particles isk°*, for exampleB—K* w, this P g Y ’

requirement is only met for th§* decays into C P eigen- factor out the tree Weakhpha§e and rewrite the equation_s in
state, that iK% — K <. terms of the quantities’. We thus define;=e™'*1u;; v,

In the case oB—K*p we can only perform an oscilla- =e*'°Tu;. The system then becomes
tion experiment on the final sta@’—K*°p°. We will ar-
gue, however, that the amplitude 8P — K*~p* is more
likely to be free of EWP effects. So, in Sec. IV, we will
invoke additional isospin relations based on the assumptio
that the EW Hamiltonian has nal =2 pigce in order to experimentally
. I . _K*0.0 . _ . _ _
e Secret weak phace o e auatk fvel wamstion. This, IL1S converient (o express the above in terms of party

more complicated strategy is necessitated by the realizatio%'genStates’ which we denaté, wherek=0, P or S This

gt basis is defined asvS=(v t+v"Y)/V2, vP=(w**
that the decap’—K*%p° is more susceptible to EWP con- _ _; / 0 ’
o . . - 2 andv” is common to both bases. The system of
tamination than modes containing the charge&hould this v )2 v y

; . i h
not be the case then we may proceed more directly applymgqua“ons(S) thus becomes
0S,P

our method to this final statge., K*°p°) together with any (5P +c095P) =+ (c 2P +cwd%P),  (6)
one of the otheK* p modes.

Let us now discuss how to use Ed) in order to extract Where ==+ for the 0 andS cases and-=— for the P
the phases between the helicity amplituddsandu}. To ~ ¢@s€. . . .
start with, for each specific final state the angular distribu- EXperimental data gives us the phase betwgérandv,?
tions of the vector decays will give the magnitude§| as  for a given final statd; wherek, ,k,{0,P,S} and likewise
well as the relative phases between two amplitudes of differfor v. Thus, all we need to know is the phasevf v9, v°,
ing helicities for the same final stafee., the phase between andv? to fix all of the phases of; .

u' andu;”?). One may obtain this information by fitting the  Let us denote these phases for the 0-helicity amplitudes
experimental data to.the distribution givgn in the next sectiorby yi=argE?’) and %:arg(}i)) (wherei=1,2). Clearly,
[see Eq.(11)]. We will denote the relative phases betweenthen the system of equatiori) becomes a series of linear
the two helicity stateshi; andh,) of the same final statef ( conditions on{e'¥, ei%}. The solution is given by consid-

for i=1,2) by ¢i(h1,h2)=arg(u:’1uih2); a(hl,hz) ering the determinant:

h h ~—h ~—h
(Civy+Covy)=(Cvg +Couy ), 5

Wherelvf‘|=|uf‘| and¢i(h1,h2)=arg(vrlv?2) (and likewise
for the conjugate cagare quantities that may be determined

Xl X2 Xl X2
A C1|Ug| Cz|Ug| _Cl|;(3).| —C2|;g| @
oSS0 clufet50 (RS0 —cuFel o0

colof]e4PO  cyfpflei42PO ¢ Pl PO ¢, Plei¢aPO)

where a solution exists if and only if the three ratios gi=Eo+arg dAIx);  gi=Eo+arg dAlax)  (10)

Ry=|dA19x4|1|0AI9x4],
where &, is an overall strong phase which cannot be deter-
R,= |aA/&x2|/|aA/&Y2|, mined (and does not enter into any of the physics discussed
herg. Clearly Eq.(9) may also be regarded as a test for the
presence of EWP diagrams or new physics effects. If there is

Ry=|0Alaxq|l|0A 9%, ® 3 contribution from new physics or EWP diagrams, the set of
; three equationsgi.e., Eq.(9)] implies that for each helicity
satisfy B 7 .
the new contribution satisfies one equation. Unless the new
R;=R,=R;=1. 9) contribution has the same weak phase and also the same
isospin transformation properties as the tree, this is rather
If this condition holds, the required phases are then improbable. Thus, Eq9) provides a good test for the pres-
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ence of EWP diagrams and/or new physics. We must alstion. Specifically, if we adopt the CKM phase convention of
emphasize that this test of EWP diagrams is completely7] then in the standard modgl= 8 and 5;=y.
model independent since it only assumes isospin conserva-
tion.

The phases of)ik are physically meaningful modulo the
overall strong phasé&, above. For instance, in the case of
B—K*w, we can interpret arg) and arg(¢s) as the

phasesdbetwege_n thlf*‘]“ark ;%Tb%uo transmont_anclj the this is satisfied, _then for any value gfwe can obtain the
meson. .ecay H ) w ar.1 - w,-respec |vez,k|n phases ob; andv; from Eg.(10) from which we can calcu-
the helicity combination indicated by). Likewise argb1)  |ate ¢ as we will describe below. Observing oscillation ef-

-k - ~
and argp;) are the phases between—suu and B  fects in the neutraB decay will then allow us to obtai

—K** o andB’—K*%0. + &7 which yields the phase of the unitarity triangle.
Although at this point we know the phases of all ﬁb{é

andvk (i=1,2, ke{0,P,S}) we still do not know the phase
differences between and uX since we do not knows; . 1. EXPERIMENTAL PROCEDURE
Indeed in the context of the standard model i§4swhich we

In summary, the extraction @+ 8 proceeds as follows.
First we must determine from the angular distributions of the

decays the magnitudes pf(°®”9| and|v{®"9| as well as

the phasesg;(V,0), $i(A0), 4;(V,0), and ¢(A0). We
then check that there is no EWP contamination via(@j.If

: . o i R Let us now discuss the experimental observables which
wish to know since itis derived from the _CKM matrix. Sln(_:e are needed to perform the above analysis. The basic ingredi-
or cannot be obtained from the experimental informationa; will pe the study of correlations between the decay dis-

which we have included so far, one needs some additionglip, ions of the two-vector mesons or, equivalently, the cor-

data which depends, in particular, on the phase differencfyation of their polarizations.

between a particle and antiparticle decay. First, let us consider the case where the vector mason
In the examples we consider, the decay from the neBtral decays to two pseudoscalaxs—P,P,; for instance,p
meson provides an opportunity to do this, since in that in- L2 '

A . - T, $—KK andK* — K. Then the polarization vector
stance, oscillation effects allow the interferencé88fandB &, in the rest frame o¥ can be taken to be parallel to the

decay amplitudes. Thus, we are able to interfere with the o
: K — . i . . momentum of one of the pseudoscaldkgx Pp . We are not
amplitudesu; andus if the final statef, is a CP eigenstate, 1

for instance,B®, B%— ¢p°. In the following section we
show that from observing the decay Bf andB® as a func-

tion Pf time, it is possible to _extract th_e guantity (sji(n lated to the momenta of the pions 53@(5W+><|57—), in the
—2(B+ 67)) where the angle is a function only ofv; rest frame of thaw.

which can be determined as described above frid the In the V, rest frame, denote the angle betweénand
phase from the CKM matrix inherent in neutgabscillations F»)B (the three momentum of the mesoi by 6, . Let us

(using the same convention in whigk is defined. If { is i ) > 77
determined then the quark-level quantiiy- 5 (B+ dr= 8 defined to be the azimuthal angle fro& to & in the rest

+ y=m— a in the examples we consider in the standard conframe of theB aboutPy, such that siboc(£,X Py, ) - & If
vention of[7]), which depends only on the CKM matrj4], = we definey;=sing, andz;=cos, then the angular distribu-
may thus be extracted up to the ambiguity of the sine function of the decays in terms d¢f9,, 6,, ®} is

concerned about the sign &f since it will not enter into the
analysis below. The case af decaying to 3r is similarly
self-analyzing since itb— 7" 7~ 7%, the polarization is re-

d°I'/(dz,dz,d®) = |u®|?Z3Z5+ y2y3(|uS|2coSd + |uP|?sirP®) + 2Re(u®(uS)* )y, y,2, Z,c08D
= 2Im((u®)* uP)y,y,2,2,sin® + 2Im(uS(uP)* )y2y3sindcosb. (11)

From an experimental study of the distribution of the de-work for one of the two cases. Note also that these phase
cays, one can extract the quantitje8|, |uS|, |uP| aswell angles satisfy the conditiong(0V)+ ¢(A,0)+ ¢(V,A)
as cog(0,S), sing(P,0), and siiy(SP); the latter three cor- =0 mod 2w, which is a useful constraint on interpreting
respond to interference terms of the tyg@u(®* . Note that  the experimental data.
there is a twofold ambiguity in the determination of the ac- In the above distributionC P violation will be manifest
tual phase differences since eithgp(0S), ¢(P,0), by the difference betweed®I'(z,,z,,®) for a B® or B~
é(S,P)} or {—¢(0,S), m— ¢(P,0), m— ¢(S,P)} will ex- meson andi®*l’(z,,z,,—®) for the conjugate meson decay.
plain a given set of data. When the data for all the helicitiesThe two manifestlyP-odd interference termsu® represent
and for the decays of the neutral and char@etb specific ~ CP-violating effects which ar® odd C even. Further, these
modes is considered together, however, &.should only  terms are odd under “naive time reversdly),” defined as
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the inversion of momenta and spins without the interchange [9(t)+g(t)]/2=(g+g)[ge Talt/2,

of initial and final states required und&r Such effects are
present even if there are no absorptive phases. In contrast,

—al —(q+ 0 e sl
the other fourC P-violating terms are even und@&g, and so [9()—g()]/2=(g+g)l'ge " *T[TccogAmY)

only present if there are absorptive phases. Two possible +Tsin(Amt)]/2, (12
sources for such phases dfg the result of rescattering at
short distance§8] or (2) at long distance§9,10]. whereAm is the BoB, mass difference and
Let us now discuss the problem of extracting the CKM
phase 3+ &7) through the observation of oscillations effects T.= E (|U§|2— |?§|2)/V;
in the decay of neutrd8 mesons assuming that, through the K

use of Eq.(9), it has been demonstrated that EWP contribu-

tions are negligible. As indicated above, we assumeglgat T,=—\Im e_2(5+5T)2 vﬁévg*/v ' (13)
represents the decay from the neutBalmeson, i.e.,B° k

—V;V, while u, the decayB®—V,V,. In such an oscilla-
tion experiment, we will assume that at a point in time,
which we define to bé=0, the flavor of the neutrd® meson

is known to be eitheB® or B due to some tagging event. At
ane’e” machine, sitting at th&'(4S), this tagging event - (7 O(F

would be the decay of thge associz(iteo)l meson t%ga gnal state of Ts= ~MRV)sing=2(5+ o1)), (14
unambiguous flavor. For instance, if the partner decayed tovhere the values dR and/ may be obtained once the phases
e*v.D~ att=0 then the meson in question must bB%at  of vk are determined from Eq10). Thus, from the experi-
t=0. At a hadron collider, the tagging event would generallymental determination of s, one obtains, up to a fourfold
occur at the moment of creation. For example,pifp ambiguity, the value of3+ ;. The additional solutions
—B*B%+ X att=0 then the flavor of the neutr@8mesonis  which produce identical results to a given valugdof &7 are
unambiguously fixed at that point in time. In the following, {7+ B+ 51, £ w2+ g_g_ 51}. The latter two possible so-

where, again,k can be taken to be 0S P with V
=3, (|v82+[v5]2). If we denoteRexp()=SwkvX then the
above expression fofg may be rewritten

therefore, negative values ofare allowed ine*e™ experi- lutions which involve/ could be eliminated if a different
ments while only positive values will apply to hadronic col- mode with a different value of were considered. The other
lisions. spurious solution requires that the quadrantf 8; be

Below we will consider only the total decay rate as aseparately known and cannot be eliminated via this kind of

function of timet. The generalization to decay distributions Nt ; ; 2
. ; > X L oscillation experiment since the angle enters a826+).
as a function of time is straightforward but it is probably P g 3826r)

much more difficult experimentally to use such information.
In any case the extraction of phases of the CKM angle can be
made from the inclusive time-dependent rate. Consider now the application of this method to a few
Let us denotd’ to be the total width of the neutrd  cases relevant tb—s and b—d penguin transitions. The
meson andy(t)=dI'(B°(t)—V,V,)/dt to mean the differ- first example isB— wK*. Here the underlying process is a

ential rate that a meson, identified aB%att=0, decays to b—suu or b—sdd transition. The strong penguin diagram
V,V, at time t. Likewise we denoteg(t)=dI'(B(t) is Al=0 and the tree diagramn— suu has bothAl =0, 1.

—V,V,)/dt. At t=0 let us definegl's=rg(0) andgl'y ~ Define u;=M(B"—K*"w) and Uy=M(B—K* w).

=rg(0), where,r =1 in cases when onlt=0 (i.e., hadronic From iso_spin considerations we obtaj:n.= —Cc,=1 since
colliders is allowed andr=2 when both signs ot are (U1~ U2) is proportional to thed =1 amplitude only and so

i ‘e collid Hered anda he d must have only the weak phase of the tree diagram. In this
present(i.e., e"e” collidery. Hereg andg are the decay case 5;=y, so that B+ r= B+ y=m—a, in the above.

rates that would be present in the absence of oscillationsl.hus if the contamination of EWP diagram is small, the

These may also be obtained in self-tagging situations which . )
apply to some cases as discussed below. angle @ may be extracted following the procedure outlined

Clearly, interference is only possible if the statégV, above. The degree to Whlch such contamination is present
—7 . may be gauged by checking the condition in E®).
andV,V, eventually cascade down to the same final state. (e feature of the neutr& meson in this case is that one

Trr]‘e||3imp|?§t si';]uatiorj Whﬁr; t\f}is applies, and the cacse Wihay control whether oscillation effects are present or not by
shall consider here Is wheN,V Is an eigenstate o selecting the decay mode of the€’*; thus if B— wK*°

charge conjugationwith eigenvaluex=*1. . . . .
( Frgm thejar?alyzis of Seg. I we know the phase of each OEHszo] the final state is an eigenstate @fso this mode

the meson decay amplitudes with respect to the tree grapf@y_be used to extracTs. If, on the other handB®
Using this information we can now write the following ex- — wK*°[—K~ 7 "] then clearly the flavor of the initial state
pression for the total decay rate to the final state under coris determined from the final state and oscillation effects are
sideration as a function of time: absent allowing the direct determination fof§|. Unfortu-

IV. SPECIFIC EXAMPLES

013007-5



DAVID ATWOOD AND AMRJIT SONI PHYSICAL REVIEW D 59 013007

nately, it is not quite clear that the EWP diagrams are smallEWP contamination Eq(9), and the determination of the
some estimatefb] of color allowed EWP diagrams to such phases of the amplitudes E4.0). The phases af,3 andv_z,g,
final states indicate that the contamination mayad{¢0%).  may thus be determined.

It may, however be possible to select final meson states If EWP contamination were absent from all Bf~K* p
where EWP effects are likely to be small based on the asamplitudes then one would also have a similar expression
sumption that color suppression tends to render them unimiavolving v, andv, and could obtain these phases in the
portant. With that in mind, observe that the contribution tosame way. In particular, we need to know the phase,ab
K*w by the EWP diagram is color allowed when both the gptain « through an oscillation experiment sinée°p° is
quarks that result from the virtua or y form thew. How-  the only case where the final state may @R eigenstatdif
ever, note that for this unsuppressed contribution, the EWkhe neutralk* decays toK, for instance Fortunately, we
diagram has\|1 =0 since theZ or y are then converting to an may obtain an isospin relation which gives us the required
| =0 object(i.e., w). The failure of the condition in Eq9)  phase in terms af , andv independent of the possibility of
and the problem of extracting which these diagrams cause £\vp contamination since the magnitude§ | and [v7 })|

comes on[y from theirAl=1 component. Therefore, this are known and even in the presence of EWP contamination,
manifestation of the color-allowed EWP diagram does not

effect the determination af given that(as is the case in the = - andv, are refated ta, andvs through

SM) the electroweak and strong penguins diagrams have the B — I —

same weak phase. The effects which result fromAhe 1 vi—oi=(—vDN2; vy v "= (v, v M2,
component arise from hadronization where one of the quarks (16)
from the Z, y goes with thew and the other with thé&C*. . . ) .
Such diagrams are color suppressed and so their contaminkbe€se relations follow since the left and the right side of
tion on the ability to determiner are expected to be only €ach is proportional to thal=0 component of the transi-
O(1%). However, since our understanding of color suppresiion, assuming that there is nbl =2 transition. This latter
sion is not reliable it would be very useful to quantitatively @sumption would be valid in the SMo the extent that
ascertain the EWP diagram through the use of(8g.Thus,  1SOSpin is conserved and we are working up to the lowest
based on all that we know so far it seems very likely thatorder in Wea_k interactionsand in most of its extensions. It
K*w would be a very good mode for the extractionef  follows that in the SM these apply even with an arbitrary
The mild reservation regarding the presence of EWP dia2mount of electroweak penguin contamination oandv .
grams can and should be verified through . Note also that unlikg¢10,12), the measured phases between

Another example where color suppression may reduce thihie helicity amplitudes are essential to fix the phases of the
effect of EWP diagrams is in the class of dec&®s-K*p.  amplitudesv} andv} because with the EWP contamination
First, consider the case when there were no EWP diagram? v14 only the relation(15) betweenuv, and vs can be
Then each helicity combination, 8, andP behaves like the formed. Relatior(15) betweerv, andv; forms the basis for
analogous 7 system which is discussed 0,12, Further- ~ finding their relative phase and E(L6) allows us then to
more, the cases where EWP diagrams would be color sugind the relative phases of thg 4 independent of EWP con-
pressed are those which contgifi. Thus, if we denotey,  tamination to these amplitudes. _ _
= M(B"—=K* 0%, u,=M(B —=K*%), us=M(B° Since the magmtude_and phase of the right-hand side of

*(, i P )_ 2—0 (—*OHO p) 8 ( each of these Egqq16) is known, one can solve for the
—K*7p™), anduy,=M(B*—=K*"p”), the assumption that o andp-" o a twofold ambiauity. The ob
electroweak penguin diagrams are color suppressed and df8aS€s Oby4anduv, 4 Up 10 a twolold ambiguily. 1he ob-
negligible is equivalent to saying that andus are free of served relative phases between the various helicities in the
EWP diagrams. 3 v, andv, channels eliminates this ambiguity. We can then

In this case the application of the isospin is somewhatise the phase differences betwegrandv}; and finde from
more complicated than in the previous case where one of thiae oscillation data foB°— K®* p° as previously described.
final-state mesons was an isosinglet. We can, however cobnce again we stress that for this analysis dgrthrough
struct a relationship of the desired form between the twB— K*p modes, to work, we must assume only that EWP
amplitudesu, andus, by noting that if onlyAl =0 contri-  diagrams are small in the color-suppressed instances, which
butions were presenti, +uz= 0. This means that more gen- are states containing™ (i.e.,u,, us). This is clearly highly
erally u,+u3 is proportional to thedl =1 transition ampli-  plausible, but in any case is verifiable through E2). No
tude and will have the weak phase of the tree graph althougborresponding assumption regardip®) modes (1; and uy)
it will be a combination of the amplitude going tola 1/2 is required.
and|=3/2 final state. It thus follows that In the case where the EWP diagrams are negligible, it is

interesting to compare the information that may be learned
from the B—VV decays where there are three helicity am-

uh+ol=v,"+0u, ", (15  plitudes with that fromB— PP and B— VP decays where
there is only one. Cases of the latter type would incléde
—Kn(n") or B—»Kuw, for instance.

which is a relation of the form of Ed5), and so one obtains ~ For B—Kw, we defineu;=M(B”—K"w) and u,
all the results that follow from it; in particular, the test for = M(B—K°w) but here there is no helicity dependence and
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all angular distributions are isotropic so one only knows thecolor-allowed EWP diagrani.e., Z— p°) will be problem-
magnitudes of the amplitudes but not their phases. In thatic. ThusB—pw can only become a viable method for
absence of EWP diagrams,—v,=v,—v,, Which still  €xtractinge, if it can be shown, through Eq9), that EWP

leaves free one degrdaside from an overall strong phase Ccontamination is small. _ _
of freedom, the magnitude=[v;—v,|. It has been suggestd®,10] that rescattering effects in

We can, however, infer some inequalities which will ap- exclusive states of the type that we are considering may be

ply in these cases. The equation among the complex ampl|§1rge due to the presence of many intermediate states which
—_ = rescatter to such a final state. If this is true, the quark content
tudes:v;—v,=vi—v, implies that

in the final state may differ from that initially present in the

weak decay. For instance, the tree-level transitienduu
could lead to decays likB— p¢ on the meson level. Here,

where the four amplitudes may be permuted. If these inthe EWP contamination frorh—dss will, again, not be a
equalities are not satisfied, then it would mean that there igroblem since it has the same isospin properties as the strong
significant contamination from EWP diagrams or from somepenguin diagram. The contamination that might cause a
source of new physics. problem will come from rescattering of the EWP modes
In decays to scalars with more complicated structure, for.duu andb—ddd to b—dss This is expected to be ex-
instanceB— K, it is also possible to detect the presence oftremely tiny as it originates from Zweig suppressed conver-
EWP diagrams using the equatipto]: sion of the EWP amplitude.
In this example the strong penguin diagrams andkhe
—dss EWP diagrams aré\ | =1/2, while the tree process
=2|a1|2—|az|2—|53|2+2|E4|2- (18) has Al=1/2 and Alj3/2. If we define u;=M(B~
—p~¢) and u,=M(B—p°¢p), the isospin structure is
wheremy, etc., are the amplitudes of the folrm modes clearly the same apw; so c;=—c,=1. Again §t=1vy SO
[10]. If with this relation the EWP diagrams are confirmed tothat the analysis will givex. Thus final-state rescattering of
be negligible, it will then be possible to extraat as de- tree amplitudes in exclusive channels has a nice application

o4l <[val +[o1] + [val, 17

2|my|?—[my,|?— [mg|?+2|m,|?

scribed in[12,10. here as it leads to a clean method for obtaining
Returning to the case &— K* p, we can construct simi-
lar identities for each helicity: V. CONCLUSIONS

To summarize, in this work we have provided a system-
atic, model-independent technique for quantitatively assess-
=2|Ul—h|2_|U2—h|2_|agh|z+2|ﬁh|2_ (19) ing the im_portance of glectroweak penguin diagrams.and/or
new physics by studyin@ decays to two-vector particles
Again, it is worth noting that these relatiofEgs. (17—  resulting from penguin and tree interferences. Our tests only
(19)] are completely model independent, they assume onl@#SSUme isospin conservation; note also that these tests make

isospin conservation. It may, for instance, be of particula0 assumption about rescattering contributions. The modes
interest to consider the case involving * andu~! since that do not exhibit such effects can then be used for extract-

these would require the final-stateuark to be right handed "9 the angles of the unitarity trianglB— K* w(p), pw(¢)

and so may be suppressed in the SM. On the other han§a" all be useq for extracting. ,

effects from new physics which couple to right-handed fer- We closg with the following two brief remarks. :
mions may be enhanced in this channel and so in that case _(l) Our_ﬁrst comment concerns th? e_xpe_cted branching
Eq. (19) may be sensitive to such contributions. ratio. In this regard, we note a weak indication for two re-

Note that Eq.(19) also applies ith represents one of the lated modeg13]:

2|2 = ug|?~ |uz] >+ 2[ug|?

parity eigenstates 0/ or A. If one of these cases has a small B(BT—wK*)=(1.5'37+0.2)x 1075, (20)
EWP contribution, may be extracted from that case also '

using the same method as in tBe- K 7 system(with a sign B(B— ¢K*)=(1.102+0.2 X 10" °,

change for barred amplitudes in thecase. (21

We can also consider the analogous case where thereisa | _ o _
b—d transition, for exampleB— pw. Now, the strong pen- in which the penguin contribution is expected to be domi-
quin diagram is\l = 1/2 and the tree procesb{—»duﬂ) con- nant. Based on these results we should also expect
tains bothAl =1/2 andAl =3/2 components. Likewise, pos- B(B— wK*)=B(B—pK*)=1x10""°, (22
sible electroweak penguin processes ate=1/2, | =3/2. o )

Here agains;= y so that the CKM phase we may hope to which is also quite close to th8(B— K ) found by CLEO
recover through our method is stitk. If we define u; 1]
=M(B™ —p ) and u,=M(B—p°w), isospin givesc,
=—c,=1. Now, the color-allowed EWP contributiofi.e.
Z— w) will not cause any problem for them| =1/2 as in
the case of the strong penguin diagram. However, the other B(B*—xwt7%<1.6x107°. (23

For B"—p*w we expect the tree graph to dominate.
CLEO[14] reports weakK~20) signal in therm modes with
the upper bound15]:
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Therefore, it is quite likely thaB3(B—pw) is also in the (1)Bs—K*p,
same ballpark(i.e., ~107°). On the other handB— p¢
results from final-state rescattering effects. Most likely the
branching ratio of this mode will, therefore, be smaller than
10°°, by factors of ordef3—10.

(2) Our second comment deals with the application of our
method for extracting the CKM phase Since in the stan-

dard phase conventiofY] =1y and theB4-Bj oscillation
phase,Z%BS_gsz 0, it is therefore clear that to determing

through the use of ouv'V method will require the study of
B, decays. As in the case & decays reported in this work, ACKNOWLEDGMENTS
an interplay of direct and mixing-inducedP (through B¢

— B; oscillations will have to be involved. By inspection of  This research was supported in part by DOE Contracts
the tree procesb—uus, which donatessy, one immedi- No. DE-AC02-98CH1- 0886 (BNL) and DE-FGO02-
ately arrives at two examples: 94ER40817(1SV).

(2)B—K*K*, (24)

which can be used. We hope to return to these in a future
publication.
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