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Decay rates oB%(t) - 77~ ,B° - # K", B* — 7#*K° (Ky — # " 7 ~) and of charge-conjugate
processes are studied within flavor SU(3) symmetry and first-order SU(3) breaking. We show that

these measurements can determine with a reasonable accuracy the twonaagtég of the Cabibbo-
Kobayashi-Maskawa unitarity triangle.
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B decays provide a variety of CP asymmetry mea-in which the spectator quark (the light quark accompanying
surements [1], which can test the currently favoredthebin the initial meson) enters into the decay Hamiltonian
hypothesis that phases in elements of the Cabibbd15]. These amplitudes B decays are expected to
Kobayashi-Maskawa (CKM) matrix [2] are the source ofbe suppressed byg/mp, where fz = 180 MeV. In
the observedCP violation in the neutral kaon system [3]. order to improve the precision of the method, we also
The time-dependent rate asymmetry between the procesxlude first-order SU(3) breaking terms [16]. Second-
B°(t) — w7~ and its CP conjugate measures one of order corrections, which are expected to be at a level of
these phases, the angleof the CKM unitarity triangle. a few percent, will be neglected.

Penguin amplitudes [4] and higher order electroweak pen- In the SU(3) limit and neglecting annihilation terms all
guin contributions [5] complicate the situation somewhat.B decay amplitudes intar7, 7K, and KK states can
However, by measuring also the rates Bff — #°7°,  be decomposed in terms of three independent amplitudes
BT — 77 7% and of their charge-conjugate counterparts[7,15]: a “tree” contributionz(¢’), a “color-suppressed”
one can isolate the amplitudes contributing to final statesontribution c(c¢’), and a “penguin” contributiorp(p’).

with isospin 0 and 2 and thereby determinevith a rather These amplitudes contain both the leading-order and
good accuracy [6,7]. The detection of the modes involv-electroweak penguin contributions:

ing ngutral pions poses an interesting challenge for future t=T + (cu — ca)PSy,

experiments.

A few alternative ways to learn the penguin effect in c=C+ (cu — ca)Pew,

B — 77~ were suggested recently. DeJongh and Sph- _p 4 o, pC (1)
icas [8] have studied in detail the dependence of the asym- p= dTEW -
metry inB%(r) — "7~ on the (unknown) magnitude and Here the capital letters denote the leading-order con-
relative phase of the tree and penguin amplitudes contributributions defined in Ref. [15], an®’rw and Py are

ing to this process. Using flavor SU(3) symmetry, Silvacolor-favored and color-suppressed electroweak penguin
and Wolfenstein [9] proposed to approximately estimateamplitudes defined in Ref. [7]. The values = % and

the penguin contribution by comparing the tree-dominated, = —1 are those which would follow if the electroweak
decay rate ofB° — 77~ with that of B> — 7"K*  penguin coupled to quarks in a manner proportional to
which has a large penguin term. Buras and Fleischer [1Gheir charges. (Small corrections, which we shall ignore
suggested to isolate the penguin ternBin— 77~ from  and which do not effect our analysis, arise from axial-
its [SU(3)-related] dominant effect in the time-dependentyector Z couplings and fromWW box diagrams.) The
asymmetry ofB%(¢) — KK, AS = 0 amplitudes are denoted by unprimed quantities

In the present Letter we describe a method whichand theAS = 1 processes by primed guantities.
determines simultaneously both the anglend the angle The amplitudes of the two processB$— 77~ and
y of the unitarity triangle from the decay ratesiff(r) =  B° — 7~ K* are expressed as
mtm B - 7 K",B" — 7K (wherek® — Ky — A = AR o
7+ 7 ~) and their charge conjugates. All these modes are mr = ABT— i) =t = p
detected by charged pions and kaons in the final state. =-T—-P — %Pgw,

Other ways to measung, based on chargdgldecays, were Ak = AB' = 7 K*) = —1' — p!
proposed in Ref. [11]. Our method employs flavor SU(3) L & p
symmetry [12—14], and neglects “annihilation” amplitudes =-T7'—-P — %PI’ECW,

(2)
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while that forB™ — 7% K° will be approximated by one another, SU(3) breaking is given by tki¢ ratio of
decay constants
Ay = A(BJr - 7T+K0) = p' = P/ T/ |Vus|fK
T Valfs ™ ©)
~ 3Py = P+ 3P (3) wve

) ) Apart from small electroweak penguin terms, all
neglecting a color-suppressed electroweak penguin effegiyjlitudes we consider are free of color-suppressed

of order|Piw /P'| = O((5)*) [7]. With this approxima-  contributions, for which factorization might be more
tion, A, contains the same combination of electroweakgyestionable. The situation would be very different were
and gluonic penguins as in the expression4gk . we to consider the amplitude f@° — 7°7°, where the
The terms on the right-hand sides of (2) and (3) carryeolor-suppressed contribution could be dominant.
well-defined weak phases. The weak phaseTofis In the penguin amplitudes (including electroweak pen-
Arg(VuaVsy) = v, and that of P + 3 PEyw is approxi-  guin) of bothB — 7~ K+ andB* — 7+ K° theb quark
mately ArgV,;V;;,) = — B, where we neglect corrections turns into ans quark instead of af in B® — 7 7.
due to quarks other than the top quark. The effects of thghis SU(3) breaking term was denoted Pyin Ref. [16].
u andc quarks become appreciable [17] whép obtains  Here we will denote the magnitude of theS = 1 pen-
its currently allowed smallest values. This corresponds tguin amplitude byr, P, to allow for SU(3) breaking.
a small deviation of th€P asymmetry inB’(t) — 7#*7~  Since factorization is questionable for penguin ampli-
from sin2a) sin(Amt) (where Am is the neutraB mass tudes, one generally expecks # (fx/f-)P. We will
difference). For large values 6f,,, where the deviation assume that the pha#ée is unaffected by SU(3) breaking.
due to the penguin amplitude becomes significant [18]Since this phase is likely to be small [21], this assumption
the u andc contributions become vary small” also car- s not expected to introduce a significant uncertainty in the
ries the phase/, while the weak phase at’ + %P,’;CW is  determination of the weak phases.
Arg(V,,V;,) = m. The ratio of AS = 1to AS = 0 tree Thus, including first-order SU(3) breaking, Eqgs. (4) are
and penguin amplitudes are given by the correspondingiodified to become

ratios of CKM factors,|T'/T| = |Vis/Vudl = ru = Apr = T 976! + PeidreiB

0.23, [P'/P| = |Vi/Vial = 1. - isr iy 5 idp (6)
Denoting?T = |T|,P = |P + %PSWI and assigning Ark = r”Tef eV = n P,

SU(3)-symmetric strong phase¥r, 6p to terms with Ar = r,Pelr,

specific weak phases, (2) and (3) may be transcribed as It will be shown that the numeroua priori unknown

Apy = T 976" + Peiore 1P parameters in (6), including the two weak phases=
Ak = r,T e el — y,Peidr, (4 7 — B— vy andvy, can be determined from the rate

is measurements of the above three processes and their
Ay =rPe™. charge conjugates.

To introduce first-order SU(3) breaking corrections, we First, we note that the amplitudes for the corresponding
note that in theT’ amplitude theW turns into ans  charge-conjugate decay processes are simply obtained by
quark instead of a in T. This SU(3) breaking term changing the signs of the weak phasgsand 3. We
was denoted by in Ref. [16]. Assuming factorization denote the charge-conjugate amplitudes corresponding to
for T, which is supported by experiments [19,20] and(6) by A, ., A,kx, A—, respectively.
justified for B — 77 and K7 by the high momentum The time-dependent taggeRf and B’ decay rates to
with which the two color-singlet mesons separate fr(Tmn-*Tr* are given by

MIB() — 77 ] = e—Ff[|AM|2cos?(A7m t) n IZmlesin2<ATmt> ; Im(eZ"BAMZ:W)Sir(Amt)]

B¢ — ata ] = er’[lAmlzsinz<ATmt> + A, cos‘Z(ATmt) - Im(eziﬁAﬂﬂZ*ﬂﬂ)sirl(Amt)}. (7)

Measurement of these rates determités, |, |A, | | where we useiB + vy = # — a and where we defined

and Im(e?B A, A _): 8 =67 — 8p. The rates of the self-tagging modes
-t tE- + g0 i 2 A2
s 5 7 K", #7K~, and 7KV determine|A,k|*, |A-k|?,
|Azzl? =T7% + P? — 2T Pcodd — a), and|A. |2, respectively:
|K777T|2 — T2 4 P2 _ 27!_])(:05(3 + a), |A7rK|2 = 7‘3T2 + ,.12:132 - qur,T’Pcos('o‘ + 'y),
Im(eXPA, AL ) = — T?sin2a) © Akl =FT? + 2P — 27, T Pcods — ), (9)
+ 27 P coss sina,, A P = |A_|> = r2P2
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Measurement of the six quantities in (8)—(9) sufficesof determining the anglesr and y in future e*e™ B
to determine all six parametees, y, 7, P, P, and factories is roughly estimated to be at a level of 10%.
up to discrete ambiguities. The CKM parameigr=  More detailed studies of the precision of this method are
|V:s/V:al, which is still largely unknown, is obtained from worthwhile.
the unitarity triangle in terms ok andvy: We thank J. Bjorken and H. Quinn for fruitful discus-
sions, and the Aspen Center for Physics for a congenial

sina
Pl = ——. (10)  atmosphere in which the first part of this collaboration
siny . .
W o diatelv that was carried out. M. G. wishes to acknowledge the hos-
€ hote |mme_|aey a pitality of the SLAC theory group during parts of this
|Azkl* — [Ank]? investigation. This work was supported in part by the
f P United States—Israel Binational Science Foundation un-
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which determines the magnitude of SU(3) breaking in thehe United States Department of Energy under Contract
penguin amplitude”/P. The relation (11) between the No. DE FG02 90ER40560.
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fx/f= — 1, P/P — 1. The authors assumed for SU(3) .

breaking a valueP /P = fx/f» (based on factorization Permanent addressf. I - and ,

of penguin amplitudes) which is questionable. In our [ ;Oréegzivs’ssi%ite(g %Xargp eécheNIEV{\j}grldHéi}egtl:flir;n’
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