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We considerCP asymmetries in neutrd meson decays te)'Kg, ¢Kg, andK* K Kg. We use S(B)
relations to estimate or bound the contributions to these amplitudes proportiaffgMg. Such contributions
induce a deviation of th&; terms measured in these time depend&Rtasymmetries from that measured for
K. For theK*K~Kg mode, we estimate the deviation to be of order 0.1. Forttés mode, we obtain an
upper bound on this deviation of order 0.3. For thi€ s mode, we have to add a mild dynamical assumption
to the SU3) analysis due to insufficient available data, yielding an upper bound of order 0.25. These bounds
may improve significantly with future data. While they are large at present compared to the usually assumed
standard model contribution, they are obtained with minimal assumptions and hence provide more rigorous
tests for new physics. If measurements yigdg-S, | that are much larger than our bounds, it would make a
convincing case for new physics.
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I. INTRODUCTION ample, S,k =Sy . A strong violation of such a relation
would indicate new physicil].
Recent measurements©P asymmetries in neutrd me- Our aim in this paper is to quantify this statement with

son decays into finaCP eigenstates test the Kobayashi- minimal assumptions for three modes of interegKg,
Maskawa mechanism and probe new source€®Bfviola- 7'Ks and K"K~ Kg. We would like to estimate or to find
tion. The time dependent asymmetries depend on twdounds on the deviations of the corresponding asymmetries
parameters; andC; (f denotes here a fin&P eigenstate ~ from S,ﬂKSthat are(hadronicimodel independent. The ingre-

dients of our analysis are $8) relations and experimental
- _ 0 information on related modes. We will be able to carry out

— I'(Bphyd ) =)~ T (Bpn,d) —~ 1) this program to the end foS,],KS. As concernsSy, we

I (Byd ) = 1)+ T (B, dt)— 1) derive SU3) relations that can, in principle, lead to model
_ . independent bounds. In practice, however, some experimen-

CrcodAmgt) + Sysin(Amgt). @ tal information is still missing. Nevertheless, by using a mild
dynamical assumption, we obtain a bound for this mode too.
CP violation in decay induce€;, while CP violation in the ~ The situation is more complicated f8kxx , where we point
interference of decays with and without mixing inducs  out some subtleties in the interpretation of the experimental
(The contribution fromCP violation in mixing is at or below results. For this mode, however, we are able to estimate
the percent level and can be safely neglected with the preseffgdther than just boundhe deviation of the extracted asym-
experimental accurady. metry from sin 3 in the standard model by using-spin

If the decay is dominated by a single weak phaGe, relations and experimental data.
~0 and the value 0%; can be cleanly interpreted in terms of

CP violating parameters of the Lagrangian. This is the casg expPERIMENTAL AND THEORETICAL BACKGROUND
for decays which are dominated by the tfee>ccs transi-

tion or by the gluonic penguib— sss transition. If one ne-
glects the subdominant amplitudes with a different wea
phase, th€P asymmetries in these two classes of decays ar
given by S;= — »;sin 28, wheren;=+1(—1) for final CP-

f

The CP asymmetry inB— /Kg decays(and other, re-

Jated, modes that proceed %C&) has been measured,
with a world averag¢?2] of

even(-odd states angB is one of the angles of the unitarity Syks=10.734:0.054  [3,4],
triangle. In particular, in this approximation, tl&P asym-
metries in the two classes are equal to each other, for ex- Cyx=+0.05-0.04 [34] )
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CP asymmetries have also b_een searched for in three Cf+[(7;fsf+sin 2B)Icos 281?=4 sirfy|&]%. (12
modes that are dominated loy—sss gluonic penguin tran-
sitions: The crucial question, when thinking of the deviation of
— 7:S; from sin 28, is the size ofaj/af. While af is domi-
nated by the contribution db— sss gluonic penguin dia-
grams,a; gets contributions from both penguin diagrams

andb—uus tree diagrams. For the penguin contributions, it
is clear thafaj/af|~1. (Thea§ term comes from the charm
penguin minus the top penguin, while the up penguin minus
the top penguin contributes &' .) Thus our main concern is
the possibility that the tree contributions might yi¢&}/af|
033 significantly larger than one.

— Scrk-kg= 10.49+0.44 ;55 (5], For final states with zero strangene$$, we write the
amplitudes as

S, k= +0.33:0.34 [56],
C,ke=—0.08+0.18 [5,6], ©)
S‘;{’Ks: —0.39+0.41 [5,7],

Cyx =+0.56+0.44 [5], (4)

Ci-k=+0.40+0.34°3%  [5]. (5)
A =A(BO—1")=VEVedbf, +ViVudby . (13)
The standard model predicts that in these modes;S;
=Sk, andC¢=0 to a good approximation. The statistical Here neither term is CKM suppressed compared to the other.
errors in Eqs(3)—(5) are too large to make any firm conclu- We use S@3) flavor symmetry to relate tha;"© amplitudes
sions. It is clear, however, that there is still much room |eftt0 sums Obl:,'c . While similar SL(S) re|ationships have been
for deviations from the standard model generated by possiblgprred elsewherfl0-14, most of our results and appli-

new physics irb— s transitions. cations are new.
The standard model amplitude for these three decay The SU3) relations, together with the measurements or
modes can be written as follows: upper bounds on the rates for the nonstrange channels plus
the measured rate for the channel of interest yield an upper
A=ABO— )=V Vo @S+ VEV, @b () y PP

bound on&;|. Let us first provide an intuitive explanation of
tEis. The decays to final strange statesare dominated by
3 eas terms. Those to final states with zero strangengss,
are dominated by the:, terms. Thus we can estimafaf]|
and|b{,| from the measured branching raties the upper
siny=0(\?), (7)  bounds on them Then the S(B) relations give upper
bounds on certain sums of thg, anda; amplitudes from

where\ =0.22 is the Wolfenstein parameter. It is convenientthe extracted values aff andby,, respectively. This then

The second term is CKM-suppressed compared to the fir
one since

V:qus
V:chs

*
uqus

V:bvcs‘

to define gives a bound ofa;/af|, and consequently ofF;|. We can
also check the self-consistency of the analysis, namely that
. VipVusat - || <[ Afl/[VupVydl and]bf,|<|Ap|/|VepVed. However, as
f VAV s ' we show below, the assumptions made in this paragraph can
be avoided entirely.
and thus rewrite the amplitude of EG), The SUQ3) relations actually provide an upper bound on
Vi Vegas+ Vi Vyqai|, in terms of the measured branching
Ai=VE V. af(1+&). (99 ratios of some zero strangeness final stdt@slimits on

them). Therefore, without any approximations, we can bound
The SUQ3) analysis we carry out allows us to bouj|. To
first order in this quantity, the deviation of the asymmetry V.. VEV.aS+V*V aY
from sin 28 is given by[8,9] F=|Us b Ted®t TubTud f‘

* c * u
Vud Vcchsaf +Vubvusaf ‘

— 7:S;—Sin 28=2 cos 28 siny cosd;| &, (10
§f+ (Vusvcd)/(vudvcs)‘

1+§& i a9

where §;=arg(@j/af). The & parameter characterizes also
the size ofC;:

If the bound oné; is less than unity, then it gives a bound on
|&:]. We work to first order irg; , since the naive expectation
Note that & can be determined from tah= (S is £&=0O(N?). At the present state of the data the bounds we
+5sin 28)/(C; cos 28), while the following (5;-independent ~ Obtain oné; are significantly larger than?, so we also work

relation betweers;, C; and|&;| may become useful in the in the approximation.2<#;<1. This is appropriate because
future: we want to constrain the possibilifa}/af|>1. Therefore,

Ci=—2sinysin & &. (11
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we take|&|~&; in what follows (although this approxima- Wheres=siné¢,  andc=cos#¢,, . Most extractions of the

tion should not be made once the boundstprre of order ~MiXing angle,d,,,, vary in the 10-20° range, and we will

\2). used,, =20° in our numerical calculatior[46].

The SU3) decomposition of} and b;‘, is identical with relé\r':i(;ﬁrms of physical states, we obtain from EgS) the
that ofaf andb$, although the values of the reduced matrix
elements are independent for the and thec-terms. The 22 3cs
SU(3) decomposition is given in Appendix A for the chan- KOy = b( 7’70 — b 0

. o ST a(n'K") (n'm) (n7”)

nels discussed in this paper. We use the notaidh=a" 22 2.2
andb(f’)zb‘fj}C for equations that apply for both cases, with , .
either allu or all ¢ upper indices. Our normalization of the \/55 0 0 \/ES(S +4c9) .
various amplitudes is the same as that of R&f]. It corre- + 4 () = 4 b(7'n")
sponds td"=|A|? independent of whether the final particles
are |dent|callor hot. . . o 3\/55(:2 \/gc(2c2—sz)

The contributions ta; andb;, come from penguin dia- +

& b(77)+————=—b(77").
grams or the tred— ccq transition plus some form of res- 2\/5
cattering(such aD-exchanggto replace thec with lighter a7
quark flavors. Aside from small electroweak penguin contri-
butions, there is only an SB) triplet term in the Hamil- The SU3) analysis gives many more relations, involving
tonian for these amplitudes. Neglecting electroweak penboth charged and neutrBldecay amplitudes. The most gen-
guins would result in additional SB) relations between the eral such relation, involving up to thirteen amplitudes on the
af andb, terms. We do not make such an approximation inright hand side, is given in Appendix B. With current data,
our analysis, but it might be useful for other purposes.  Ed. (17) gives the strongest bound:

Ill. THE CPASYMMETRY IN B—#'Kg

/ B(n'm /3(7777
0
A. SU(3) relations B(n'K 7'K")
The CP asymmetry inB— 7’'Kg is expected to yield a ( 0 0) (7] 7")
less accurate measurement of sihtBan they/K s mode. The +0.14 By KO)
. . . . . . ’77

reason is that, while this decay is dominated by gluonic pen-

guins, there are CKM-suppressed tree contributions that in- Bl ( )
duce a deviation from the leading result. Nevertheless, it was 1038\ 15 96 / Kk
argued in Ref[15] that this deviation is below the two per- B(7'K°) 7'K9 |

cent level. The argument was based on relating the tree con-

tributions inB— 7'K and B— 77 decays. While this may This bound is obtained from Eq17) by taking all ampli-

be a reasonable hypothesis, it is based on neither approxudes to interfere constructively, and usifig,,=20°. The
mate symmetry nor obvious dynamical assumptions. In thigxperimental upper bounds on the relevant branching ratios

section we derive a more rigorotthiough weakerbound on  are collected in Appendix C. Using these values, we obtain
the “problematic” subleading contribution.

The results of Appendix A imply the following amplitude |€,k]<0.36. (19
relations: 7hs

& ’KS|<

rates that enter in Eq18). Hence this bound is probably a
significant overestimate and will improve with further data.
At the present state of the data, we do not consider it neces-
sary to be concerned about &Y breaking corrections.

1 3 So far only upper limits are available for many of the
a(mK%)=— B )+ \[b(mns)

a(7gK® = —=b(ngm°) Eventually, there may be sufficient data to fix all the ampli-
2\/_ tudesa}", including their relative phases. At that point a
much stronger bound can be expected, and allowance for
\/7[b(770770) b(7g7g)] (15) SU(3) breaking corrections will need to be made.

Using the known CKM dependence, the bound of Eg.
(19 can be translated into a bound on the hadronic param-
The statesy; and ng transform as a singlet and an octet of eters,
SU(3), respectively. They are related to the physigaland
7 states through an orthogonal rotation:

2K <18, (20)

n'=Cy—Smg, N=Sn+Cxs, (16)
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This bound is much weaker than most theoretical estimatesause the difference§This can be seen in the $8) rela-
Since the amplitudes involved in Eql7) carry different tions in Table Il of Appendix Al If we examine the quark
strong phases, we do not expect that they all add up cohegiagrams for these two channels we find thdt, . has a

ently, as assumed in E(L8). A more plausibldthough less ¢o|or-allowed tree diagram contribution, whik',, only
rigorous estimate would be that the left hand side of Eq. . . Ths
(18) is unlikely to be larger than the largest term on the rightar'ses from a color-suppressed tree diagram or penguins. Our

hand side. This estimate would gil, | <0.14 instead of dynamical assumption is that the C°|0r'SUppre$L$Q<s Is
0.36. Clearly, more data could significantly improve thesenot bigger than the color-allowaij/,w. This could only be
bounds. violated by an accidental cancellation between two terms
The same set of SQ3) relationships can be used to carry that are formally different orders in M/. By making this
out a similar analysis for a number of other modes. Themild assumption, we improve the bound 60k by more

relevant general relationship fojKg is given in AppendiX  than a factor of three over that given by the pure(3U
B. Once experimental data on the asymmetry in this mOd%maIysis.

are available, it will be interesting to use this relationship to  There are experimental tests that could indicate that
obtain a similar constraint o, a,+ is small compared ta_ . . First, if directCP viola-

tion in the neutral mode were established to be large,

|C,k %1, it would place dower bound on|aL:7,KS/af,,KS|.
One can obtain a similar bound on the ragigay for the  gecond, if the difference of the neutral and chardggd

fﬁa}[r?ﬁd rgode{f_ 77'K+;f_ThetleXDterimem?LSith‘htion is S_UCtrr‘] — 'K rates were sizable, given our strong bound on
at this bound is significantly stronger than the one in u c : : u c .

neutral mode. The 833) relatio);]s for t%}e decompositions of qa’i'*§+/a’7"<+|’ it would |mpl>/ a Iargelan,KS/an,KSL with a

al andb;‘, in B* — PP decays are also given in Appendix A. relative strong phase that.|s not close#d2. If either of

these measurements violate thepper bound on

They lead to the following relations: _ . :
Y g |a,, ka5, +|, it would suggest either an accidental cancel-

a(m K =b(npm"), lation in the charged mode, or, more interestingly, possible
new physics. This would make it important to improve the

B. Using charged modes and a dynamical assumption

1 1 direct neutral mode test for new physics.
a(ngK™)= ﬁb(ﬂ+wo)— ﬁb(KOKU, (21 Equation(3) shows thaC,  is consistent with zero and
the data in Appendix C show that the ratio of charged and
and neutral rates is not necessarily much different from one.

However, this does not validate our assumption. For ex-
\/Eb(ymﬁ):\/Eb(77+770)+2b(FK+)_ (22) ample, a small strong phasé,,«~0, and a large weak
phase,y~ /2, would make direcCP violation small and
This last equation allows us to bourd, «+ by many induce approximately equal rates, independently of the size
different combinations of decay modes. The most generahf a

e © ; . s
relationship that involves onl™ decay modes is

a(n'K+)=(3_2—X)CSb(1777+) IV. THE CPASYMMETRY IN B— ¢Kg
, , A. SU(3) relations
mb( n'm") A similar analysis can also be appliedBe- ¢K . Again,
2 the existence of CKM-suppressed contributions induces a de-
viation from the leading result, and our goal is to constrain
+ (X_3)Sb(ﬂ+ 70) + X_Sb(@K+) (23) that effect using S(B) related modes. Here it is usually as-
23 J6 ' sumed that these corrections are not large, since bthe

—uus tree diagram can only contribute via rescattering to

where, as before¢ and s parametrizen — 7' miXing. The o 4 finai state which is pures Thus it was generally
parametex is free: it allows us to choose, based on the state

of the data, the optimdthat is, the most constrainingom- argued that the de;/|at|on ﬁ(""s from sin 28 is likely to be
bination of amplitudes. With the branching ratios collected inn© larger thanO(\%). Reference[12] proposed an S(3)-
Appendix C, we find that at presert3 in Eq. (23) gives based relation that can potentially bound this deviation, how-

the strongest constraint ever, it involves an implicit dynamical assumption. In this
subsection we present exact @Urelations that can, in prin-
|§,7,K+|<0.09. (24) ciple, give a model independent bound. In the next subsec-

tion, we explain the dynamical assumption that leads to the
While theaf amplitudes for the charged and neutrgK bound of Ref[12] and update it with current data.
modes are the same, th¢ are not. The nontriplet contribu- The SU3) decomposition ofaf and by, for final states
tions coming from the treb— uud terms in the Hamiltonian composed of a vector and a pseudoscalar meson is given in
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Appendix A. These results imply the following relations:  relations forB* — VP decays are given in Appendix A. They
lead to the following relations:

1 3
a(¢pK%)=— Eb(d’lﬂ'o)*' \[Eb(¢1778), a(pK")=b(py7"),
3
1 a(¢8K+):b(¢87T+)_\[Eb(K*OK+)- (28)

a(pgK®) = E[:gb(l)o??s) —b(pgm?)]
In terms of physical states we thus obtain

1 /3 K*0
+Z\[§[b<¢gn8>—b<p°w°>] (K ™) =b(¢m ") +b(K*K™). 29

1 3 o L Using the experimental upper limits on rates collected in
+ E\[E[b(K*OKO)_b(K*OKO)]' (250  Appendix C, we obtain

_ |€4x+|<0.25. (30
The statesp, and ¢g transform as a singlet and an octet of
SU(3), respectively. They are related to the physi¢andw Once again there is no immediate relationship between
through an orthogonal rotation: the aiw and aj,KS. They differ by nontriplet Hamiltonian

1 5 > 1 contributions arising from the tree-tyﬂm—mﬂs transition
b= \/:¢1_ \ﬁd’s, = \ﬁ¢1+ \ﬁd’s: (26)  (and a small but similar effect from electroweak penglins
3 3 3 3 To use the above result as a bound{p , requires an ad-

ditional assumption thai‘(;)KS is not much larger tharal:j5K+ .

Here we cannot readily justify this assumption, although we
know of no reason why it should not hold. Because ¢his

a puress state, there is no ordeX? tree contribution to

alyy .+, as there was in the case af, . . The treeb—uus
contribution must undergo a rescattering in order to contrib-

which defines thep as a pureﬁgstate. Thus, in terms of
physical states, we obtain

a($K®)= %[b(WK‘)) —b(K*°K?)]

n E\ﬁ b B , ute. This brings it to be an ordél, term, at the same level as
2 2[C (1) =sb(¢n’)] the penguin contributions. Traditional analyses of this chan-
nel assume that the rescattering contribution is negligible

+ \/—g[cb(wn)—sb(wn’)] compared to thé)—>§ss penguin terms, i_n which case the

4 charged and neutra, would be approximately equal. In-

/3 deed, only an accidental cancellation could maag, - |
- T[Cb(pon)—sb(pon’)] much smaller thafagy |-

With this assumption, the bound for the charged mode
1 1 1 also applies for the neutral mode. In this case, there is pres-

+ Zb(POTFO)— Zb(wﬂo)— —\/—b(dmo)- ently no pure S(B)-based bound, and so this assumption is

2y2 necessary to obtain any result. The bound in 8§) was
(27)  applied to the neutral mode in R¢12]. We have shown here
that implicit in this bound is the assumption that there is no
This relation could give a bound @y in a similar fashion accidental cancellation of the two contributions to the

as Eq.(18) in Sec. Ill A. However, a survey of the experi- charged mode.

mental data shows that currently no useful bound can be Asinthes'K modes, here too there is no evidence either
obtained from Eq(27). While it is possible, using S@  forlargeC, or for a large difference betweds( K°) and
relations, to replace some modes that occur on the right-han8(¢K*). If such evidence existed, it would indicate that
side of Eq.(27) with a combination of others, there is no |al;)r<+| is small compared t@;KSL This could indicate that

relation that yields a bound oy, below unity at present. there is indeed a cancellation between two independent con-
We conclude that, while in the future it will be possible to tributions to aiw, or a harbinger of new physics effects.
use relations such as ER7) to constraina,,o/ay.o in @  Data on the nonstrange neutral modes would then be desir-
model independent way, it is impossible to do so with curren@ble, as they could distinguish these two possibilities.
data.
V. THE CPASYMMETRY IN BHK*tK ™ Kg

B. Using charged modes and a dynamical assumption TheB—K*K~Kgdecay is different from the other decay

For the charged mode= ¢K ™, one can similarly obtain modes discussed in one, very important, aspect: since the
a bound on the ratig« + based purely on S@). The SU3) final state is three-body, it does not have a defi@Gike Thus,
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the CP asymmetry is diluted with respect to siB2To ex-  Thus the approximation in Eq32) that led to Eq.(33) has

tract the value of sin2 from this measurement, one has to not yet been teste@n particular, isospin symmetry implies

know the relative fractions oCP-even andCP-odd final  no relation betwee, _, andB, _). Becausd' |y, include

states. The BELLE Collaboration employed a beautiful iso-both CP-odd and even states for the pair of neutral kaons, the

spin analysis for this purpogé7]. The accuracy of the iso- measured rates in E¢34) are not sufficient to test the rela-

spin analysis affects the accuracy with which the 184«  tions in Eq.(33). For example, the first relation in E33)

(that is, Skkk for a final KKK state with a definiteCP) is  becomes

determined. Consequently, the relation between the experi-

mental value,S3x, and sin B is more complicated. We

will first analyze the accuracy of determinirByx from I'ys=5l4s1+ s (39
P and then the deviation By from sin 28.

_ _ We now focus on th& "K ~K°® andK°K°K * modes. One
A. Isospin analysis can write down the effective Hamiltonian in terms of the
The B—K'K’K" decays (where I,J,L={+,—,0S} meson fields. The twol=0 terms are of the form
specify the kaon statgsnvolve an initial | =1/2 state and (B'K;)(K!K;j) wherei andj are isospin indices. We can de-
final | =1/2 and 3/2 states. There are five independent isospifompose the Hamiltonian into components where KHK;
amplitudes A2, A2 AZ, A§' andA?, where the lower index Pair is either in arl=even or in arl =odd angular momen-
denotes the isospin representation of the Hamiltonian and tHgm state:
upper index gives that of the final stat&/e follow the no- _ _ _
tation of the previous sections, instead of using isospin la- Hei (B'K)[X(K'K;)| —eyert \/1—x2(KJKJ)|:0dd]. (36)
bels) For the isospin-doublet final states, the representation
2 denotes where the tw§=—1 mesons are in an isospin- The equality of the amplitudes in E(B2) guarantees that
singlet state, while 2denotes where they are in an isospin-js equal for the two decay modes, and allows the extraction
triplet. Defining of the CP even/odd fractions in th8°— KK K~ decay
_ from measurements of the* —K*KgKg decay as follows
AiaL(P1.P2.p3) =A[B—K'(p)K(p)K (ps)], (3D) [17].
, _ , N , , , Consider theK K~ subsystem in th8°— K"K ~K° de-
we obtain the isospin decpmposmons given in Append|x D'cay. Charge conjugation exchangé$ andK ~, and parity
Let us start by neglecting the tree contributions, as Wagychanges them agalim the center of mass frameThus the
done in the BELLE analysis. This correspondsA®=A3  K*K~ system hasCP=+1. Then, thek K Kg system
=A‘3‘=0. Then, the following amplitude relations arise: hasCP=(—1)', wherel is the relative angular momentum
betweerKgand (K"K ™). (It also equals the relative angular
Agor =A, 0, Aigo=Ao—+, Agp=Ai_i. (32 momentum betweek ™ andK ~.) There is then a one-to-one
correspondence between angular momentumGidn par-
When integrating over phase space, the contribution from théicular, x? in Eq. (36) gives theCP-even fraction in theB

interference betweeA? and A2’ vanishes(Thus, although —K*K™Kg decay.

Ay is not invariant unded <L, the ratesl'|; and the Next consider the K°K® subsystem in theB*
branching ratios5, ;, are) Consequently, the equalities of the —K*K°K° decay. Bose symmetry implies that even cor-
following rates are predicted: responds to a finadKKs+ K K, state, whilel=odd corre-
sponds to & K state. Thusx?=2TI", go/T"; op. SinceB, oo

'y 0=T400, I't—+=Too0- (33 has not been measured, one can use agaiidjto arrive

at the following relation 17]:
Branching ratios of fouB— KKK decays have been mea-
sured[17]:

2 F+SS
X :ZF =0.97£0.15+0.07. (37)

B._.=(3.30=0.18-0.32 X 10 °, +-0
B, _o=(2.93+0.34+0.41) X 10°®, We learn that theK "K~Kg final state is dominanthyCP-

even.

B, s (1.34+0.19+0.15 X 10°5 From a measured value of ti@P asymmetrySgiy, , we
can deduce the value of ti&P asymmetry for theCP-even
Bsss(0.43°016+0.75x 1075, (34) componentSyxk , according taScxk = Sgib/(2x2—1). We

learn that in the limit that =1 contributions to the Hamil-
tonian are neglected, we have

In the original version of this section, there were errors in the xp
isospin andU-spin decompositions of the relevant amplitudes, Sy = KK (39)
which were pointed out in Ref18]. We agree with their results. KKKTAT  go/T s _o— 1"
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When the higher isospin contributions are taken into ac- Bekk=B(B"—=KTK K*)=(3.1+0.2)x 10 °,
count, the three amplitude equalities of E82) and the two

rate equalities of Eq(33) no longer hold. There remains a . R e
single amplitude relation: Bikk=B(B"— 7" K"K")=(6.6-3.4x10"",

— + -4y + -5
Aot At -+ +A o0t Agor T AL gTAg-+=0. (39 Bian=B(BT—=KTm m?)=(5.720.4x107,

B,,..=BB =7 7 7")=(1.1+0.4x107° (41
The angular momentum analysis is modified by the ti#ge
terms. In particular, both the relatidn, _g(l=even)l’, g
=T",oo(l=even)I', oo and the relationl' o= _o are To relate the two pairs of rates in a useful way, we make our
corrected by terms ofO[(A3+V2A3)/(V3AT)] and of usual approximation: we take th€kK rate to be dominated

O[AZ'/(\3A2)]. At present there is no experimental infor- by theay term, and ther 7 rate to be dominated by the

mation on the size of these corrections. .., term. Then we obtain
One might worry about isospin violation in the— KK

decays, since B(¢—K K )=~49% and B(¢p—KK,) FE—

~34% should be equal in the isospin limifThis large |§KKK|:’ \/B(B s CAD) 013. (42

violation can be understood as arising chiefly from the BBt -K*K"K™)

phase space difference for the two channelSince

B(B— ¢K) X B(¢p—K K ™) is between 10-15 % af, _,

this could give an additional error of up t64% onx?, not  Given the size ofJ-spin breaking effects and the crudeness

a very large effect. of our approximations, we estimate that the corrections to
Note that even if thé\; amplitudes were negligibly small — Syxk=sin 28 is of the following size:

and thus the isospin analysis to find tG&-even fraction in

the KKK state very precise, it would not imply that the ex-

tractedCP asymmetry is equal to sin®to the same preci-

sion. Theb—uus tree contribution also has an isosinglet
component, which would not affect the isospin analysis butB
would shift Syxx from sin28. In the next subsection we
estimate the overall effect of that contribution.

Vus
Vud

Ec+i-kg=0-13+0.06. (43)

Additional constraint on|éxkk| can be derived from
kK - Our amplitude relations imply that, in thEg-spin
limit, B,kk=B,,./2. Consequently,

2B(B* =7t K K"
0.14. (44)
B(BT—K*K™K*)

. . V
B. U-spin analysis | k] < _us
Vud

In the previous subsection, we used isospin symmetry to

. o o '
?St'm?te theCP—tevenlfrta Ctl(t)r?Blon tﬂeﬁ(ﬁ KOKS flgal tStattﬁ‘ The above analysis does not distinguish between quasi-
si)spm +sygmg1e ry rela es. . mo e, o the two-body and true three-body contributions to the eventual
B” —K"K"K” mode. In this subsection we usespin sym- 66 hody rate. Indeed it includes all three-body final states,
metrX to e+st|mate the overall effec’t( of contributionsBO  \yhether or not reached by a resonant contribution. We used
—K7K"K™ that are proportional t¥/;,V,s. U-spin relates  pere the SI(B) relationship only for the total rates, integrated
certain B* —h;"h;'h, modes to each other, whet& ;. over the entire Dalitz plots. Comparisons of more restricted
=K or 7. [SinceU-spin is a subgroup of SB), this analy-  regions of the Dalitz plots would be much more subject to
sis is just a simplified form of the analysis that we havesy(3) breaking corrections.

given for the other channels in this pager.

Under U-spin, B* is a singlet, whileM;=(K",7") is a
doublet. A crucial point in our discussion is thlespin trans-
formation properties of the Hamiltonian. Both the penguin  Within the standard model, theP asymmetriess; in neu-
amplitudes,b— (uu+dd+ss)qg, and the tree contributions tral B decays to the finaCP eigenstatespKs, 7'Ks and
b—uuq (with g=d,s) are AU=1/2. Consequently, there (K"K"Kg)cp-—1 are equal to the CKM parameter si@2
are two U-spin amplitudes for the chargeBl decays into Measured inB— yKs, to a good approximation. Further-
three charged kaons or pions. The decomposition of the var0re, the direcCP asymmetrie<C; in these modes are ex-
ous decay amplitudes in terms of these tuespin ampli- p_ected to be small. The_goodness of thl_s approximation is
tudes is given in Table IV. We find the following relation: ~ different between the various modes and its estimate suffers,

in general, from hadronic uncertainties. We used3ela-
a(KTK K =b(7 7~ 7"). (40)  tions and experimental datand, in some cases, a mild dy-
namical assumptionto estimate or to derive upper bounds
on the deviation of th&; from sin 28 and on the size of; .
The experimental data af&7,19 We obtained

VI. CONCLUSIONS
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036 SU3), TABLE I. SU(3) decomposition ofa(f) and b(f’) for ()
€5k 0.09 SuUB3)+leadingN, assumption, il

£ Sis S% S
|§¢KS| <0.25 SU3)+noncancellation assumption, 7.KO -1 -1 1
771KJr 3 1 1

_ 0 2 —12 —-112

-kJ]~0.13 U-spin, 45 nr >

| Ekrkkg p (45 7178 V312 -32 NG

ot 3 1 1

where ¢; is defined in Eq(8). The approximations and as-
sumptions that lead to these results are spelled out in the
corresponding sections. While our bounds for the first twothat creates 8 meson containing a quark transforms as a

modes are considerably weaker than estimates based on eXof SU(3). The AB= + 1 Hamiltonian, which has the flavor
plicit calculations of the hadronic amplitudes, they have thestructure b

q)(q gy, transforms as 83x3=15+6+3
advantage that they are model independent. Althougt85U +3. Our calculénéns follow closely that in Ref20], the

breaking effects could be significant, our bounds for the two ‘only difference being the decomposition of the Hamiltonian

body modes are probably still conservative because the%ﬁat can be read off from Ref10].

arise frodmt a s;ur? over setver?l c?mgle;(hamphtude.? that We " co - final states composed of an &YJsinglet and an oc-
assumed to interfere constructively. Furthermore OnyG)(pe”tet there are three reduced matrix elements. The reason is

mental upper bounds are available for many of the rates thmat there is a unique way of making a singlet from an octet

Enter thes_e 29””%5' 'At‘s data 'Cn;pioyel’ t_r;ege _b(t)_undsf CoUttys any one of the three representations of the Hamiltonian
ecome signincantly stronger. Lertainly, It dévialions rom, .4 1heg operator. In Table | we give the decomposition of

sin 28 are established that are larger than th3Wounds, _uc Iy pUiC ) .
the case for new physics would be convincing. Since oufh=as Iandb(f é_bf’l for 7= ”;PS' wherez, is the
bounds apply more generally to minimal flavor violation SU(3)-singlet pseudoscalar, arity is the SU3)-octet pseu-

models, the new physics would have to be beyond thigloscalar. The matrix elemer$§ that occur in the decompo-
framework. Even where our results require additional assition ofa{ andby, are independent of those faf andby, .
sumptions, the situation here is better than the usual, in thdn our notation, the lower index of the reduced matrix ele-
we are making assumptions about nonleading corrections tments denotes the $8) representation of the Hamiltonian

the aj amplitudes, rather than about the fall terms. and the upper index is that of the final staié electroweak
penguin contributions were neglected, the decomposition of
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TABLE Ill. SU(3) decomposition of(f) andb(f’) for f()=VgP,.

£ 8% B Bl s B} B P 8% B B
beK® 2\6/5  1/(2J6) —1/(2/6) —1/(2y6) O —4\2/3 0 J3/2/2 —\31212 —\J31212
K*02g 2\6/5 1/(2/6) —1/(2y6) —1/(2y6) O 423 0 —\[31212 J312/2 V31212
K*07z%  6\2/5 1/(2/2) —1/(2y2) -—1/(2y2) O 4.\2/3 4\2/3 1/(2y2) —1/(2J2) -1/(2\2)
p°K©O 6y2/5  1/(2J2) —1/(2y2) —1(2y2) 0 @ —42/13 —4\213 —1/(2\2) 1/(2y2) 1/(2y2)
K**q™ 8/5 -1/2 1/2 1/2 0 -8/3 4/3 —-1/2 1/2 1/2
p K* 8/5 —-1/2 1/2 1/2 0 8/3 —4/3 1/2 —-1/2 —-1/2

0 —3.3/2/2 J3212 — 31212
0 33212 — 31212 V31212

heK ™ 4\6/5 —\B3l2I2  1/(2/6) —1/(24/6) 0
0
0 4213 3/(2y2) —1/(2\2) 1/(2y2)
0
0

K*Tng  46/5 —3212  1/(2/6) —1/(24/6)
K**#%  8y2/5 3/(2/2) —1/(22) 1/(2y2)

0
0
0
pPK " 8V2/5  3(2) —1/(2y2) 1/(242) 0 —4213  —3/(2y2) 1/(242) —1/(2/2)
0
0

K* Ot —4/5 32 —-1/2 1/2 —4/3 32 -1/2 1/2
pTKO —4/5 3/2 —1/2 1/2 0 4/3 —3/2 1/2 —1/2
hg® 0 5/(2\/3) 1/(2y/3) ~1/(2y3) © a3 213

p°7g 0 5/(2y/3) 1/(2y/3) -1/(2y3) 0 —4/\3 -2/\3

pO7° —13/5 1/2 1/2 1/6 1 0 0 0 0 0
a7 3/5 —-1/2 —-1/2 -1/6 1 0 0 0 0 0
p -t 7/5 1/2 1/2 1/6 1 4/3 -2/3 5/2 1/2 —1/2
pta 7/5 1/2 1/2 1/6 1 —43 2/3 —5/2 —-1/2 1/2
K*"K*  -1/5 1 0 -1/3 1 —4/3 2/3 2 1 0
K¥*K~  —1/5 1 0 -1/3 1 al3 -2/3 -2 -1 0
K*KO -1/5 -3/2 -1/2 1/6 1 —4/3 2/3 1/2 —-1/2 —-1/2
K*OK© -1/5 -3/2 —-1/2 1/6 1 4/3 -2/3 —-1/2 1/2 1/2
pgm 26/5 NEI) —1/1/6 146 0 0 —2.\2/3 0 0 0
pT 7 26/5 V312 —1//6 14/6 0 0 2273 0 0 0
pa° 22 0 0 0 0 0 2213 312 —112 142
plmt 22 0 0 0 0 0 —24213 —312 182 —1K2
K*OK+ —4/5 312 —-1/2 1/2 0 0 —4/3 32 —-1/2 1/2
K*+*K®  —4/5 32 —-1/2 1/2 0 0 4/3 —-3/2 1/2 —1/2
ments,S?, and the replacement; — ¢,. Related tables have been presented in Re&fl, however,

Final states containing two $B) octets can be decom- the (bu)(us) contributions to strangeness changing decays
posed as &8=27+10+10+85+8,+1. The final state were neglected. Furthermore, in that paper, when there are
composed oPgPg is symmetric, and so it transforms as an several independent amplitudes with the Hamiltonian in a
element of the symmetric part, §88)s=27+8+1. In Table  given SU3) representation, these contributions are not de-
Il we give the decomposition of(f) and b(f) for (") composed according to the 8) representation of the final
=PgPg; it contains five reduced matrix elements. When thestate. Referenc¢ll] gives the SWB) decomposition for
final mesons are different, such #¢)=PgVg, whereVy is f()=P4Pg in a somewnhat different notation from ours. They
the SU3)-octet vector-meson, all six representations appearo not discuss the applications we investigate here. In Ref.
In Table 1l we give the decomposition af f) andb(f’) for ~ [14] a nonefU(3)] symmetry is assume@vhich can be jus-
f()=PyVs, which contains ten reduced matrix elements.tified in the largeN, limit). It relates matrix elements involv-
Again, the matrix elementd? andB” that occur in the de- INg ¢; and ¢g (and, similarly,7; and 7g) that are indepen-

composition ofa} andb!, are independent of those faf ~ dent of one another based only on SWThus, in Ref[14],
eleven amplitudes descriti2— VP decays(with V in a sin-

C .
andb, . (If electroweak penguins are neglected, the decomglet or octet and in an octet, while we need thirteen. The

. c - . .
position ofaf andby, is 9'V§n b);the columns corresponding ;se of the fewer number of matrix elements amounts to a
to H in a triplet, A3, A}, B,S, B,A, andB3.) dynamical assumption beyond ).
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APPENDIX B: SU(3) RELATIONS FOR B%—#'K® AND B%— 3K°

The most general SB3) relation between the(7'K® andb(f’)’s of charged and neutrd decays can be written as
follows:

$2—2¢2  \/3s2(X;—Xy) 3sc  \3sc(X;—Xy) V3s  S(Xq+Xo+4X3)
e 0y — _ 1.0\ __ _ 0 0,0
a(n'K%)= 2\/5 5 b(n'm") 2\/5 5 b(n7")+ o —I——Z\/E b(7"7")
V3s(s2+4c?)  3s3(xy+Xo) 3\3s@  3sA(X;+X,)
. _ b o b
2 22 'y )+ —F—+ 22 (mn)
2_ 2 _ J—
+ \/EC(ZZ s)_3csz(>;1+x2) b(nn')—sxb(m 77 )—sxb(KTK™)—sxb(K°K®) —sx,b(K°K*)
3 3
+ \[ESC)Q;b(mTJ’)— \[Eszx4b(7]’77+)+ \/ESX?,— STX;) b(#o7"). (B1

Here, x4, X5, X3 andx, are free parameters that allow us to choose between various combinations of amplitudes on the right
hand side of this relation. In particular, given a set of experimental measuremefds lbdunds oih the corresponding
branching ratios, we can vary thxe parameters so that we get the strongest constraint. With current data, the optimal choice
IS X1=X,=X3=X,=0, which yields Eq(17).

The analogous relation that will allow to bound the deviation of@Reasymmetry irB— 7Kg decay(once it is measured

from sin 28 is
2 2
a(nK°)=—S7C(\/§X1+% b(n'm®) — S—\/z—%(\/gxﬁ% b(n7)+ \ESC&b(W’W+)—\éczxzb(nw+)
s 3 3s%c
+3 c? 5+ 3% -s%\6 b(n’n)—T(\@Jr\/EXg)b(n’n’)
2
e CZ(\/§_3\/§X3)+52\/§ b(nn)—%(\@Jr V2(8%4+%5)) b(7070) + b (7 )
+i(x —2%,)b(m0m )+ E(X —X )b(K*K*)JrE(x +%;)b(K°K®) + cx,b(KOK *) (B2)
\/E 2 4 5 (X3 ™Xy 5 (X3 Xy 2 .

We have also derived the most general(®Uelation between tha(#gK®) and the(sixteen b}‘,’s of charged and neutral
B decays. The relation is quite complicated and it does not seem likely that it will become useful in the near future, so we do
not present it explicitly here.

APPENDIX C: RELEVANT BRANCHING RATIOS B(FK+)<2.4X 1076,

The values below are collected from REES6].
B(nm°)<2.9x10°,
B(7'K%=(5.8"13 %105,
B(7°m%) <5.7x 107,

"K*)=(7.5+0.7)x10°°
B(n'K™)=(7.5£0.0 X107, B(nm*)<5.7x10°8,
B(m"m )=(4.4+0.9x10"°, B(7'n%)<5.7%10°¢,
B(KTK™)<1.9x10 S, B(n'm")<7.0x10°8,
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B(7%7")<9.6x10° 6, B(nw)<1.2x10 %,

’ —5
B(K°K%)<1.7x 105, B e)=60x10°%
B(7¢$)<0.9x10°,

B(55)<1.8x10° %, B(5'¢)<3.1x 10,

0 -5
B(nn')<2.7x1075, B(5p”)<1.0x10">,

B(7'p®)<1.2x10°°,

B(n'n')<4.7X107°, C1
(n'n’) € B(p°7%)<5.5% 1076,

hile for vector-pseudoscalar modes:
whiie for vector-pseu Blom%)<3.0<10°°,

0y _ +3.2 -6 _
B(¢K")=(8.1255 <1077, B(K*K*%)<5.3x10"®,

B(pK)=(7.9739x 1078, B(¢pm)<1.4x10°C. (C2

TABLE IV. Top half: Isospin decomposition oA,JL=A[BHK'(pl)EJ(pZ)KL(pe,)]. Bottom half:
U-spin decomposition oAhihth=A[B—> h"(p)h; (p2)h/" (p3)].

AL Al Af, A A%l A
1 1 1 1 1
Ao — - = — - —
2\3 2 6 23 32
1 1 1 1 1
Aoo+ — - = - i
2\3 2 6 23 32
1 1 1 1 1
A o il - _z o T
2\3 2 6 23 3.2
1 1 1 1 1
Ao - = = = o
2\3 2 6 23 32
1 1 1
Aooo -— 0 — 0 _
V3 3 3V2
A, L 0 L 0 L
3 3 32
Anhh X3 X2
inn; 1
A 1 1
K 2\/§ 2
A 1 1
arK 2\/§ 2
1 1
Ak = -
KK e 3
1 1
A, = _=
KK 2 5
A L 0
TTT \/§
1
Akkk - 0
V3
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APPENDIX D: SU(2) DECOMPOSITION FOR the flavor structure i{s)(q;q;), transforms as either 322
(KKK[(bu)(us)|B) AMPLITUDES =1+3 for g;=u,d or 1 forg;=s. For final isospin-doublet

states, the nonprimedprimed isospin amplitudes corre-

. . . . . . spond to theK'K: subsystem being in an isospin-singlet
In this appendix we give the isospin decomposition of _injet) state. A similar form of decomposition holds for the

matrix elements that are relevant to our analysis. The opPeray_spin amplitudes inB+—>hi+(pl)hj’(p2)h|*(p3) decays

tor that creates B meson containing b quark transforms as  (whereh;',=K™*,7" andh; ==",K”). They are given in

a 2 of isospin-S(P). The AB= +1 Hamiltonian, which has Table IV.
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