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Abstract

The differencein the time dependent CP asymmetries between the modes B — ¢ K and
B — ¢Ks isaclean signal for physics beyond the Standard Model. This interpretation
could fail if thereis alarge enhancement of the matrix element of the b — wus operator
between the B, initial state and the ¢ K5 fina state. We argue against this possibility and
propose some experimental tests that could shed light on the situation.
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1. Itiswell known that in the Standard Model the time—-dependent CP—violating asymme-
tryin By — ¢ Ks [acp(¢ Ks)] measuressin 203, where 8 = arg(— V.4V, /ViaVy;) and V;
denote the CKM matrix elements[1,2]. Moreover, being dominated by thetree-level tran-
gtion b — ccs, the decay amplitude of B; — K5 isunlikely to receive significant cor-
rections from new physics.! Interestingly, within the Standard Model the CP asymmetry
in By — ¢Ks [acp(¢pKs)] also measuressin 23 if, as naively expected, the decay ampli-
tude isdominated by the short—distance penguintransitionb — sss [4]. Since By — ¢ K5
isaloop mediated process within the Standard Model, it is not unlikely that new physics
could have asignificant effect onit [3]. The expected branching ratio and the high identi-
fication efficiency for this decay suggests that acp(¢K's) is experimentally accessible at
the early stages of the asymmetric B factories. Thus, the search for a difference between
acp(YKs) and acp(¢pKs) isapromising way to look for physics beyond the Standard
Mode [3,5-8].

If, indeed, it turns out that acp (¢ Ks) isnot equal to acp(¢pKs), it would be ex-
tremely important to know how precisethe Standard Model prediction of them being equal
is. In particular, one has to rule out the possibility of unexpected long distance effects al-
tering the prediction that acp(¢ K s) measuressin 23 in the Standard Mode.

The weak phases of the transition amplitudes are ruled by products of CKM matrix
elements. Intheb — sqq case, relevant to both B; — v K¢ and B; — ¢ K5, we denote
these by Al = V,, V. For the purpose of CP violation studies, it is instructive to use
CKM unitarity and express any decay amplitude as a sum of two terms[9]. In particular,
for b — sqg we eliminate A!*) and write

Ay = A A% 4 A0 4w, (1)

The unitarity and the experimental hierarchy of the CKM matrix imply [10] Al ~ A() ~
AN O and M) = AX*e™, where A =~ 0.8, A = sin . = 0.22 and v isaphase of or-
der one. Thusthefirst and dominant termisreal (wework in the standard parametrization).
The correction due to the second term, that is complex and doubly Cabibbo suppressed, is
negligibly small unless A%* > A%,

The A%* amplitudes cannot be cal cul ated exactly since they depend on hadronic ma-
trix elements. However, in some cases we can reliably estimate their relative sizes. For
B — 1 K the dominant term includes atree level diagram while the CKM—suppressed
term contains only one-loop (penguin) and higher order diagrams. Thisleadsto Ajj.. >
Ay, and thusinsuresthat acp (¢ I s) measuressin 23 inthe Standard Model. Sinceboth
termsfor B — ¢ K5 begin at one-loop order one naively expects Ag%- . ~ Ay%-_. Inthis

! There is, of course, a possible new contribution to the B° — B° mixing amplitude, but this does not
affect the generality of our arguments or the conclusions [3].
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case acp(¢Hs) aso measuressin 23 in the Standard Model up to corrections of O(A?).
However, any unexpected enhancement of Ag3. - would violate this result. In particular,
an enhancement of O(A™%) ~ 25 (analogousto the Al = 1/2 rulein K decays) leads
to O(1) violations, and subsequently to acp(¢Ks) # acp(¢pKs) evenin the Standard
Model.

In thisnotewe argue against this possibility, presenting different argumentsthat sug-
gest the pollution of A3 in By — ¢Ks isvery smal. Moreover, we will propose some
experimental tests that in the near future could provide quantitative bounds on this pollu-
tion.

2. The natural tool to describethe B decays of interest isby means of an effectiveb — sqq
Hamiltonian. This can be generally written as

k=3..10 k=1,2 k=1,2

H£§>f—7{ S QLAY S Cu()QT + A0 S Crlp) } @)

where (¢ denote the local four fermion operators and C'(x) the corresponding Wilson
coefficients, to be evaluated at a renormalization scale p© ~ O(m;). For our discussion
it is useful to emphasize the flavor structure of the operators: Q1°, ~ bsgq and Q5 ¢ ~
bs > qq, aswell asthe order of magnitude of their Wilson coefficients: €, ~ O(1)

q:u7d7s7c

and C3 s ~ O(107%). The estimates of the C';.(1+) beyond the leading logarithmic approx-
imation and the definitions of the ¢, can be foundin [11]. To an accuracy of O()?) inthe
weak phases, ng)f can be rewritten as

HYy = ij? { [ > CmQE = X G| + 2 X Culp) } )
k=1,2 k=3..10 k=1,2
It is clear that, when sandwiched between the B, initial state and the ¢ K's final state, the
first term correspondsto A5 and the second to A7 [cf Eq. (1)]. The pollution isthen
generated by (1%, corresponding tothe b — suu trangition.

Since the matrix elements of the )} haveto be evaluated at ;1 ~ O(m,,), aredligtic
estimate of their relative sizes can be obtained within perturbative QCD. Werecall that the
|¢) isanamost pure|ss) state. Thew— ¢ mixing angleisestimated to bebelow 5% [12,2].
We neglect this small mixing in the following. Then, the matrix elements of ()}%, and Q{’,
evaluated at the leading order (LO) in the factorization approximation areidentically zero.
AtLO only Q)5 s, i.e. the short—distance b — sss penguins, have a non vanishing matrix
element in B, — ¢Ks. As aconsequence, the weak phase of the B; — ¢ K5 decay
amplitude is essentially zero. Nonetheless, given the large Wilson coefficients of (){%,, a
more accurate estimate of their contribution isrequired.
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At next to leading order (NLO), working in amodified factorization approximation,
one obtains additional contributions from penguin-ike matrix elements of the operators
v and ()5° [13]. These have been reevaluated recently, and shown to be important in
explaining the CLEO data on charmless two—-body B decays [14-16]. However, even in
thiscasethe b — suw pollutionin B; — ¢Ks isvery smal. The reason isthat, in the
limit where we can neglect both the charm and the up quark masses with respect to m;,
the matrix elements of )1%, and (7%, are identical from the point of view of perturbative
QCD (up to corrections of O(m./my) ~ 0.3). However, the overall contribution of the
charm operators Q)7, is enhanced by a factor A~* with respect to the one of Q}%,. Thus,
either if the B; — ¢ K5 trangition is dominated by Q)3 _,, (short—distance penguins) or if
itisdominated by ()5*, (long—distance charming penguins), the weak phase is vanishingly
small.

Of course one could not exclude a priori ascenario where the contributions of ()3 ¢
and ()7, cancel each other to an accuracy of O(A?). However, this extremely unlikely
possibility would result in an unobservably small BR(B; — ¢Ks), rendering this entire
discussion moot.

As discussed above, any enhancement of (¢ K's| Q1| Ba), that could spoil the predic-
tion that acp(¢ K s) measuressin 23 in the Standard Model should occur at low energies
in order not to be compensated by a corresponding enhancement of (¢ Ks|Q5% | By). This
possibility isnot only disfavored by the OZI rule[17],% but isal so suppressed by the small-
ness of the energy range where the enhancement should occur with respect to the scale of
the process. We are not aware of any dynamical mechanism that could favor this scenario.
Inelastic rescattering effectsin B decays due to Pomeron exchange have been argued not
to be negligible and to violate the factorization limit [19]. However, even within this con-
text violations of the OZI rule are likely to be suppressed [20].

3. Thereareexperimental tests of our argumentsthat can be achievedinthesector of b — d
trangitions. These are described by an effective Hamiltonian Hgf)f completely similar to
the onein Eqg. (2) except for the substitution s — d in the flavor indices of both CKM
factorsand four—fermionoperators. SU(3) flavor symmetry can be used to obtain relation
among several matrix elements. In particular

V2 (0K s|Q1| By) = (ont|QV4|BY) + (K*KF|Qy%|BT). (4)

(SU(3) breaking effects, which are typicaly at the 30% level, are neglected here)) The
coefficients of these matrix elements are, however, proportional to different CKM fac-

2This non—perturbative prescription has never been fully understood in the framework of perturbative
QCD, but can bejustified in theframework of the 1 /N, expansion, and isknown to work well in most cases
and particularly in the vector meson sector [18].



Decay mode Operators and CKM factors
penguins c—trees u—trees
By — 9Ky Q3 5 12 12
MV A2 ] AD A2 | A
BT — ¢rtand BY — K*K™ Qgﬂg ffg 11“[2
MV x| D N | D~

Table1: SU(3) related B decay modes that allow us to quantify the Standard Model pol -
lutionin Clcp(gb[(s).

tors. Thisisillustrated in Table |, where we show the relevant B decay modes along with
the Cabibbo factors corresponding to the leading and sub— eading contributionsto the de-
cay amplitudes. If our arguments hold, one expects BR(B; — ¢Ks) ~ O(M*) and
BR(BT — K*K*), BR(BT — ¢nt) ~ O()°). Notice, however, that the overall con-
tribution of Qi%in Bt — K*K* and Bt — ¢ isenhanced with reﬁpect to the one
of Qv in By — ¢Ks by the corresponding CKM factors: A /A() = O(A~1). Thus, if
<¢AS|QLQ|BC;> isenhanced by O(A~?) in order to interferewith the dominant O(\?) con-
tributions, then BR(B* — ¢=*) andlor BR(B* — K*K*) would be dominated by the
similarly enhanced matrix elements of Q}%. This would result in an enhancement of the
naively Cabibbo suppressed modes, i.e. we should observe BR(Bt — ¢nT) ~ O()\?)
andlor BR(BT — K*K*) ~ O(A\*) [while BR(B; — ¢Ks)isdill ~ O(A*)]. Similar
arguments hold for the corresponding B, decay modes, however in that case the SU(3)
relation is not quite as precise.
To get a quantitative bound we define the ratios

BR(B* — ¢n) BR(B* — K*K*)
BR(B; — ¢Ks)’ BR(B; — ¢Ks)

such that in the Standard Model the following inequality holds

|Clcp(¢[&s) — Clcp(gb[&s (\/> —|— \/7) 1 —|— RSU ] —|— O()\z) (6)

where g3 representsthe SU(3) breaking effects. Whilemeasuringacp(¢Ks) it should
be possible to set limits at least of order oneon Ry and R, and thus to control by means
of Eq. (6) the accuracy to which acp(¢Ks) measuressin 23 in the Standard Model. The
limits\/R,, R, £ 0.25 would reduce the theoretical uncertainty to the 10% level.

It may be possibleto confirmthat BR(B* — ¢nt)and BR(BT — K*K™*) arenot
drastically enhanced based just on the current CLEO data. The CLEO colloboration al-
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ready hasreportedthebounds BR(BT — ¢K*) < 1.2x107° and BR(Bt — K*71) <
4.1 x 107" [21]. Given the similarity of energetic A’s and ='s in the CLEO environ-
ment, it is plausible that similar bounds can also be derived for the modes Bt — ¢r*
and BT — K*K* respectively. A specialized study of these modes is currently under
way. Bounds on these branching ratios of O(10~°) would clearly imply that the rates are
not O(\?) asthey would be if the matrix elements of Q1% were enhanced by O(A~?).

The above experimental test can only confirm that acp(¢Ks) measures sin 25 in
the Standard Model. If it turns out that R; or R, arelarge, this may be either due to the
failure of our conjectures or due to new physics. If, however, R, and R, are smal, and
acp(YKs)— acp(¢Kg) violates the Standard Model prediction of Eg. (6), thiswould be
an unambiguous sign of new physics.

Another possible check of our conjecture could be achieved through the measure-
ment of the CP asymmetry in B; — n' Ks. Recently CLEO has measured alarge branch-
ing ratio for therelated decay B+ — n’ K, suggesting these processes are penguin dom-
inated and thus that acp (7' Ks) also should measure sin 23 in the Standard Model [7].
Nonetheless, the |') hasanon negligible|uw) component that could enhancetheb — wus
pollution and the " mass is one of the few exception where the OZI rule is known to be
badly broken. Thus, without fine tuning, a sufficient condition to support our claim on
acp(¢pKs) could be obtained by an experimental evidence of acp(n'Ks) = acp(PpKs).
Thiswould imply that the b — wus pollution is negligiblein both cases.

4. To summarize, we have argued that the deviation from the prediction that acp(¢Ks)
measures sin 23 in the Standard Model is of O(A?) ~ 5%. Moreover, we have shown
how the accuracy of this prediction can be tested experimentally. While we concentrated
on the time-dependent CP asymmetry it is clear that our arguments hold also for direct CP
violation in charged and neutral B — ¢ /K decays. Namely, that in the Standard Model
the direct CP asymmetry is O(A?). Experimentally, we can hope to get an accuracy for
both the time dependent and the direct CP violation of about 10%. Therefore, any mea-
surable direct CP violationin B — ¢K or an indication that acp (¢ Ks) # acp(¢pKs),
combined with experimental evidence that the Standard Model pollutionisof O(\?) will
signal physics beyond the Standard Model.
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