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CP asymmetry in By— ¢pKg: Standard model pollution
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The difference in the time dependedP asymmetries between the modes- yKg andB— ¢Kg is a clean
signal for physics beyond the standard model. This interpretation could fail if there is a large enhancement of
the matrix element of thé— uus operator between thBy initial state and thepKg final state. We argue
against this possibility and propose some experimental tests that could shed light on the situation.
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PACS numbeis): 13.25.Hw, 11.30.Er, 12.15.Hh

It is well known that in the standard model the time- instructive to use CKM unitarity and express any decay am-
dependent CP-violating asymmetry in By—y¢Kg plitude as a sum of two term§9]. In particular, for
[acp(¢Ks)] measures sin@, where S=arg(—VVh/ b—sqqwe eliminaten(¥ and write
VidVyy) and V;; denote the Cabibbo-Kobayashi-Maskawa
(CKM) matrix elementq1,2]. Moreover, being dominated Ar=APASE AL, (1)
by the tree-level transitiob— ccs, the decay amplitude of
Ba— ¥Ks is unlikely to receive significant corrections from The unitarity and the experimental hierarchy of the CKM
new physics. Interestingly, within the standard model the matrix imply [10] A®=-A®=AN2+O\*) and
QP a;ymmetr)_/ iNBy— ¢Ks [acp(Ksg)] also_ measures _)\ff)=ARu)\4ei7+ O(\%), where A~0.8, \=sin §,=0.22,
sin 28 if, as naively expecteq, the decay amp'lltude is d(.)m"RuE|Vﬁqud/V§chd|~0-2—0-5[2] and y is a phase of or-
nated by the short-distance penguin  transitionger one. Thus the first and dominant term is (@& work in
b—sss [4]. Since B4— ¢Ks is a loop mediated process the standard parametrizatiohe correction due to the sec-
within the standard model, it is not unlikely that new physicsond term, that is complex and doubly Cabibbo suppressed, is
could have a significant effect on {3]. The expected negligibly small unles}*>ALS,
branChing ratio and the hlgh identification efﬁCiency for this The A?S amp"tudes cannot be calculated since they de-
decay suggests thaicp(#Ks) is experimentally accessible pend on hadronic matrix elements. However, in some cases
at the early stages of the asymmetBdactories. Thus, the e can reliably estimate their relative sizes. Ber K the
search for a difference betweanp(/Ks) andacp($Ks) is  dominant term includes a tree level diagram while the CKM-
a promising way to look for physics beyond the standardsyppressed term contains only one-lgppnguin and higher

model[3,5-8§. order diagrams. This leads &f5 =AY , and thus insures
YKg YKg

If, indeed, it turns out thacp(yKy) is not equal to thatacp(Ks) measures sin@in the standard model. Since

acp(#Ks), it would be extremely important to know how ) oo o folB— ¢K 5 begin at one-loop order one expects
precise the standard model prediction of them being equal is, . us T :
~A¢KS. This is also supported by various model cal-

In particular, one has to rule out the possibility of unexpected "¢Ks . o us _
long distance effects altering the prediction thap(¢Kg) — culations[11]. However, sinceA x andA . are hadronic

measures sinR in the standard model. matrix elements that depend on long distance dynamics,
The weak phases of the transition amplitudes are ruled byhere is no firm theoretical argument that the two should be
products of CKM matrix elements. In the—sqq case, rel- approximately equal. In the case that

evant to bothBy— yKs andBy— ¢Ks, we denote these by Agi ~Ayk,. acp(¢Ks) also measures sinRin the stan-
N =V,VEs. For the purpose oF P violation studies, itis  dard model up to corrections 61(A?). However, any unex-
pected enhancement @f‘jbis would violate this result. In

particular, an enhancement ©{\ ~2) ~ 25 (analogous to the

There is, of course, a possible new contribution to Ble-B®  Al=1/2 rule inK decay$ leads toO(1) violations, and sub-

mixing amplitude. This does not affect the generality of our argu-sequently toacp(¥Ks) #acp(pKs) even in the standard
ments or the conclusiori$§]. model.
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In this note we argue against this possibility, presentinghis case theo—suu pollution in By— ¢Ks is very small.
different arguments that suggest the pollutionAjfy in  The reason is that, in the limit where we can neglect both the
By— ¢Ks is very small. Moreover, we will propose some charm and the up quark masses with respechfo the ma-
experimental tests that in the near future could provide quartkix elements ofQ}% andQ7*; are identical from the point of
titative bounds on this pollution. view of perturbative QCOup to corrections ofo(m./m,)

The natural tool to describe thi& decays of interest is by ~0.3]. However, the overall contribution of the charm op-
means of an effective— sgq Hamiltonian. This can be gen- eratorsQS% is enhanced by a factor™2 with respect to the
erally written as one ofQf%. Thus, either if theBy— ¢K g transition is domi-

nated byQ3_,, (short-distance penguin®r if it is domi-
nated byQS%, (long-distance charming pengujnshe weak
()\@ 2 CUwQRHAS > ClwQe phase is véﬁishingly small.
k=3..10 k=1,2 L .
Of course one could not exclu@epriori a scenario where
the contributions 0fQ3 g and Q% cancel each other to an
+?\ff)k21 , Ck(M)QES], (20 accuracy 0fO(\2). However, this extremely unlikely possi-
o bility would result in an unobservably smal(By— ¢Ky),
rendering this entire discussion moot.
As discussed above, any enhancemer{td#i 5| Q1% By),

Ge

H(S) —
eff V3

WhereQL denote the local four fermion operators aDg )

the corresponding Wilson coefficients, to be evaluated at ?hat could spoil the prediction thaies(bKe) measures
CP S,

renormalization scale.~O(m,). For our discussion it is . ) N
useful to emphasize the flavor structure of the operators;s.In 23 in the standard model should occur at low energies in

9 _beag andOS .~beS — I he ord order not to be compensated by a corresponding enhance-
17-bsqq andQg g~DSZq-y q,5,cqd, as well as the order o4 ¢ 4K |QSS/B,). This possibility is not only disfa-
of magmtudg of their W!Ison coefficientE; ,~O(1) and 50y by the Ozl rulg18],2 but is also suppressed by the
C3--8.~O(10 .)' The eshmateg of théy(u) bqund the smallness of the energy range where the enhancement should
leading logarithmic approximation and the definitions of the

i . o occur with respect to the scale of the process. We are not
Q. can be found if12]. To an accuracy 0O(\%) inthe  5yare of any dynamical mechanism that could favor this

weak phasest (% can be rewritten as scenario. Inelastic rescattering effects Bndecays due to
Pomeron exchange have been argued not to be negligible and
s _ G¢ ) cs s to violate the factorization limif20]. However, even within
Heff_E Ne k=212 Cu(m)Qy _kglo Cil(m) Qi this context violations of the OZI rule are likely to be sup-
' "’ pressed21].
There are experimental tests of our arguments that can be
+)‘EJS)k212Ck(:U’)QijS}- (3)  achieved in the sector di—d transitions. These are de-
o scribed by an effective Hamiltonial (9 completely similar
It is clear that, when sandwiched between Eheinitial state to the one in Eq(2) except for the substitutioaﬂq in the
X ' s flavor indices of both CKM factors and four-fermion opera-
and the¢Kg final state, the first term corresponds%’l@KS tors. SU3) flavor s . .
. ymmetry can be used to obtain relation
and the second t&i _[cf. Eq. (1)]. The pollution is then  among several matrix elemerf2]. In particular

generated byQ;5, corresponding tO'thbHSUU transition. USim \ lmudio+ f ot mudiot
Since the matrix elements of ti@}, have to be evaluated V2¢K|Q12Ba)= (47 7|Q12B™)+ (K KT|Q13B7).

at u~O(my), a realistic estimate of their relative sizes can 4

be obtained within perturbative QCD. We recall that i [51y(3) breaking effects, which are typically at the 30% level,
is an almost purgss) state. Thew— ¢ mixing angle is esti- are neglected hergThe coefficients of these matrix elements
mated to be below 5%i3,2. We neglect this small mixing are, however, proportional to different CKM factors. This is
in the following. Then, the matrix elements Q4% andQf%, illustrated in Table I, where we show the relev@idecay
evaluated at the leading ordérO) in the factorization ap- modes along with the Cabibbo factors corresponding to the
proximation are identically zero. At LO onl@; g, i.e. the leading and sub-leading contributions to the decay ampli-
short-distancé— sss penguins, have a nonvanishing matrix tudes. If our arguments hold, one expe&¢By— ¢Ks)
element inBy— ¢Ks. As a consequence, the weak phase of~ O(\*) andB(B*—K*K™), B(B" — ¢7 ")~ O()\°). No-
the By— ¢K s decay amplitude is essentially zero. Nonethe-tice, however, that the overall contribution @39 in
less, given the large Wilson coefficients @5, a more B"—K*K™ andB"— ¢ is enhanced with respect to the
accurate estimate of their contribution is required. one of Q7% in By— ¢Kg by the corresponding CKM factors:
At next to leading ordeXNLO), working in a modified
factorization approximation, one obtains additional contribu-
tions from penguin-like matrix elements of the operaQ#s “This non-perturbative prescription has never been fully under-
and Q5° [14]. These have been reevaluated recently, andtood in the framework of perturbative QCD, but can be justified in
shown to be important in explaining the CLEO data onthe framework of the N, expansion, and is known to work well in
charmless two-body B decay45-17. However, even in most cases and particularly in the vector meson s¢a®ir
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TABLE I. SU(3) relatedB decay modes that allow us to quan-
tify the standard model pollution iacp(#Kyg).

Operators and CKM factors

Decay mode penguins ¢ trees u trees

Ba— ¢Ks Qs 12 12
Y D N R D W B

B'—¢m" andB'—K*K* Qi i 19
AND\3 AD\3 \D3

NI =01, Thus, if(#KgQ1YBy) is enhanced by
O(N"?) in order to interfere with the dominaii®(\2) con-
tributions, then B(B*—¢#") and/or B(B* —=K*K™)
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the modeB* —K*K™. Bounds on these branching ratios of
O(10 %) would clearly imply that the rates are nG(\?) as
they would be if the matrix elements Qfl‘f’z were enhanced
by O(\"?).

The above experimental test can only confirm that
acp(pKg) measures sinin the standard model. If it turns
out thatR; or R, is large, this may be either due to the
failure of our conjectures or due to new physics. If, however,
R; andR, are small, and.p(/Ks) —acp( $pKyg) violates the
standard model prediction of E¢6), this would be an un-
ambiguous sign of new physics.

Another possible check of our conjecture could be
achieved through the measurement of @8 asymmetry in
By— 7' Ks. Recently CLEO has measured a large branching
ratio for the related decay™ — 'K ™, suggesting these pro-
cesses are penguin dominated and thusahat»'Ks) also

would be dominated by the similarly enhanced matrix ele-should measure sin®in the standard modgl7]. Nonethe-

ments onjdz. This would result in an enhancement of the

less, the|n’) has a @n—negligibleﬁu) component that

naively Cabibbo suppressed modes, i.e. we should obsergyid enhance the— uus pollution and they’ mass is one

B(B*—¢m)~O(\?) andlor B(BT—=K*K*)~O(\?)
[while B(Bg— ¢Kg) is still ~O(\*)]. Similar arguments
hold for the correspondinB4 decay modes, however in that
case the SIB) relation is not quite as precise.

To get a quantitative bound we define the ratios

B(B"—¢m)

B _B(B+—>K*K+)
B B(Bg— ¢Kg) '

Ra 2= BBy $Kg)

5
such that in the standard model the following inequality
holds

lacp(¥Kg) —acp( pKs)| <VZN(VR;+VRy)
X[1+Rsya) ]+ O\?), (6)

where Rs(3) represents the S8) breaking effects. While
measuringacp( #Kyg) it should be possible to set limits at
least of order one oR; andR, and thus to control by means
of Eq. (6) the accuracy to which¢cp($Ks) measures sin@
in the standard model. The limitgR,, VR,=0.25 would re-
duce the theoretical uncertainty to the 10% level.

It may be possible to confirm tha&8(B*—¢#") and

of the few exception where the OZI rule is known to be
badly broken. Thus, without fine tuning, a sufficient condi-
tion to support our claim oacp(¢pKs) could be obtained by
an experimental evidence afp(7'Kg)=acp(pKs). This
would imply that theb— uus pollution is negligible in both
cases.

To summarize, we have argued that the deviation from the
prediction thatacp(¢pKs) measures sin@ in the standard
model is of O(\2)~5%. Moreover, we have shown how the
accuracy of this prediction can be tested experimentally.
While we concentrated on the time-depend@it asymme-
try it is clear that our arguments hold also for dir€eP
violation in charged and neutr&— ¢K decays. Namely,
that in the standard model the dire€@P asymmetry is
O(M\?). Experimentally, we can hope to get an accuracy for
both the time dependent and the dir€d® violation of about
10%. Therefore, any measurable dir€éZP violation in B
—¢K or an indication thatacp(y¥Kg) #acp(dKs), com-
bined with experimental evidence that the standard model
pollution is of O(\?) will signal physics beyond the standard
model.

B(B* —K*K™) are not drastically enhanced based just on We thank Ann Nelson for instigating this investigation.
the current CLEO data. The CLEO collaboration already hat®We have benefitted from useful conversations with Roy Bri-

reported the bound8(B* — ¢ ")<0.56x10 ° [23] and
B(B"—K*7")<4.1x10°° [24]. Given the similarity of
energeticK’s and #'s in the CLEO environment, it is plau-
sible that a bound similar to the latter can also be derived fo

ere, Gerhard Buchalla, Bob Cahn, Alex Kagan, David Ka-
plan, Marek Karliner, Sacha Kop and Yossi Nir. The re-
search at SLAC supported by the Department of Energy
under contract DE-AC03-76SF00515.
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