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With the wealth of new data from th&-factories,b — d penguin decays become available for
study, in addition to theib — s counterparts that have proven an indespensable tool faxthe
ploration of new-physics effects in flavour physics. A proemt example of the — d penguin
transitions isB] — K°KP. We show that this decay can be charaterized in the Standad#M
by a surface in the observable space of the direct and miritigeed CP asymmetries and the
branching ratio. The form of this surface, which is theaaty clean, implies a lower bound for
the branching ratio that has recently been confirmed exeetiafly. If future measurements of
the CP asymmetries yield a point away from the SM surfacs vtloiuld be an interesting signal
of new physics. We point out that the hadronic paramete@in» KOKO that parameterize the
position on the SM surface are related to hadronic parasgtéineB — 1K system. The fact that
the branching ratio oB_g — KO9K? is very close to its lower bound yields interesting implicas
for B— 7K even without knowledge of the CP asymmetrie8pf— K°K®. The mechanism that
produces the lower bound f§@ — K%K is actually much more general; we derive lower bounds
for various othetb — d penguin-induced processes, includiBg— py and B* — K®)*K ),
Some of these theoretical lower bounds are very close touttrers experimental upper bounds.
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b — d Penguins. CP Molation, General Lower Bounds and Standard Model Tests

Stefan Recksiegel

1. Introduction

Flavour-changing neutral-current (FCNC) processes, possiblesitstandard Model (SM)
only through loop diagrams, are an extremely important probe for newigsh{/dP). The good
agreement between experiment and theory in processes indudeée:I3FCNCs has already put
important constraints on physics beyond the SM. Due to the excellent iitinke B-factories, we
are now entering the era whdre- d penguin-induced processes — typically suppressed by a factor
of 20 with respect to the correspondibg- spenguin transitions — can be used to test the SM more
rigorously than it was possible before.

The flavour structure of the SM, more specifically the order of magnitudaeofndividual
elements of the Cabibbo—Kobayashi—-Maskawa (CKM) matrix, allows us teedegrtain relation-
ships between different observableshin-~ d-induced decays, and betwebn— s- andb — d-
related observables. These relationships allow us to test the SM in theseveasre the corre-

sponding observables have already been measured and to make pnedidt@ye observations are
still missing.

2. B} — KO CP Violation and the Branching Ratio

In the SM, we can write the amplitude for the de&fy— KOKO as

A(BY — KOKP) = A\ KK 4 )3 [ gk | 3 (@) kK (2.1)

= VodVgp are CKM factors, and th@&<K denote the strong amplitudes of pen-
guin topologies with internaf-quark exchanges, which receive tiny contributions from colour-
suppressed electroweak (EW) penguins and are fully dominated by @@dum processes. Elim-
inating)\t(d) with the help of the unitarity relatioht(d) = —)\Sd) - /\C(d) of the CKM matrix, we can
write the amplitude as

where the/\o(,d)

A(BY — KOKD?) = A3a KK 1—pKKe‘9KKe‘V , 2.2
d tc
where 228K =

i = K — PEK, andprce®« is a function of theZ{X that we treat as an unknown
hadronic parameter.

AR (By — K°K°)

The direct and mixing-induced CP asym-

metries #/Z8(By — K°K®) and «/Zi*(By —
K°K©?) are functions obnly pkk, 6kk, the an-
gle y of the unitarity triangle, and (in the lat-
ter case) th(Bg—B_g mixing phaseayy; the same
is true for the normalized branching ratB),
where phase-space and CKM factors as well as
| 22KK|? have been factored off.
For fixed values of and ¢y, pkk and6xyk then
span a surface in thez@'—7*—(B) observ-
able space, shown in Fig. 1 fgg = 47° and
y=65". (The fringe is defined bgkx = 1, the
numbers give the value fdik .)
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Figure 1: The surface in observable space.
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In the SM, any measurement of the three observables has to lie on thisesusfich is
theoretically clean. Sufficiently accurate measurements of the branchingwmill give strong
constraints on possible values for the asymmetries.

The form of the surface implies a theoretitalver bound for(B) that can be converted into a
lower bound for BRBy — KOK_O) using input fromb — s penguin decays (see [1] for details). With
the help of this lower bound, the recent measuremeBof> K°KP [3] was correctly predicted in
[1]. Using the latest experimental input and the central values of therizaibe SU (3)-breaking
parameters, we update the bound in (3) of [1] to(BR— K°K®) > 1.43+217 nicely consistent
with the old result and the recent measurements (see Table 1).

We observe that the measured @8 — K°K?) is right at the lower theoretical bound (bottom
of the surface in Fig. 1). This implies a value @fx significantly different from 0, with a small
phasebkk; pxk can be related to a hadroni— 1K parameter througpp, = £pkk, wheree =
A?/(1—A?%) =0.053. This quantity is usually neglected. However, a valugof 0.05, as
suggested by BfBJ — K°K?), would be rather welcome in the analysis of Bies 7K system [4].

3. General Lower Boundson the Branching Ratios of b — d Penguin Processes

The mechanism that provided the lower bound or{BR— K°K?) is actually more general.
We will now first use it to derive lower bounds @n— dy processes, and then discuss the general
b — d penguin case. The amplitude for the deBay py can be written as

A(B — py) = CoA3AZEY [1 - ppyéepVe—iV} , (3.1)

wherec, = 1/+/2 and 1 forp = p® and p*, respectively, and\ = |Vgp|/A2. Moreover, 28 =

2PV — 28 where2PY and 2" are matrix elements of operators from the standard weak effec-
tive Hamiltonian (see [2] for details)opyei@pv is again a hadronic parameter that we will treat as
essentially unknown. Let us now use the information offered bythes counterpart of oub — d
transition, which is well measured and takes an amplitude of the following form:

)\3 K*y

AgtC i Oy a—iY
7 {l+spK*ye' Kyve }, (3.2)

wheree was introduced above. The ratio of the corresponding BRs is then bjven
2

AB—K'y)= -

py
e

Ky
Pre

3, o)
BR(B py) _ |: PV:| ng*yy7 (33)

BR(B—K*y) = | Pk

where®,, and®:, denote phase-space factors, and

Loy 1— 2ppyCOSBpy COSY+ P3, .
Y™ 1+ 2epx-yCOSBK-y COSY+ £202. ,

(3.4)

Although pK*ye“’K*v is here strongly suppressed bywe can straightforwardly include the corre-
sponding corrections by using the flavour-symmetry reléylilg;eiepv = pK*yeieK*v = pef. Treating
then(p, 8) as completely free parameters, we can derive the following lower bound:

Hg!, > [1—2ecosy+ 0(g%)] sinfy, (3.5)
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b — sprocess| Exp.rate | b— d process| Naive bound Bound Belle BaBar
BY — Kot | 241+13| B} —KOK® | 08801 | 143793 08+032| 1197337
BY — Kot | 241+13 | B —KOK* | 103%01; |1.697933 | 1.0+0.41 | 1.504+0.51
Bt — KO | 9.7+12 || Bt - KK+ | 046725 | 0767219 < 5.3 (CLEO)
BT — K®p+ | 106+19 | Bf — K%*+ | 046%2% | 073212 < 71 (CLEO)
Bl — KO |401+20| BJ—pY 0.867910 | 051791 | 1177935 | 0.0+0.22
B* - K"y | 403+26| B" —p'y 1.737922 | 1037037 | 0557035 | 0.970%t

Table 1: Post-LP2005: Belle and BaBar data, theory lower bounds.

which can be converted into a lower bound Bor pythrough (3.3) and the measured value of the
B — K*y branching ratio.

Taking into account phase-space effects
and factorizableSU (3)-breaking corrections,
we obtain the lower bounds given in Table 1.
For comparision, we also show the bounds

— 1
B o0y ——] that result from neglecting tH&J (3)-breaking
corrections (“naive bound”). The bounds are
B> pvy |_|=|=|:—|

B*»> K'K®

B> KOKO |—||=
l_
'_

consistent with the experimental results for
B3 — pPyandB* — pTy, although of course
L5 2 the well-known isospin-breaking puzzle of the

-0.5 0 0.5 1
Figure 2: Experimental results (upper: BaBagelle result remains.
lower: Belle) and theoretical limits In a similar way we can also derive theoretical

lower limits for otherb — d penguin decays. We list bounds B — K*)*K*) — together with

the respectivdd — s decay that was used for the bound — in Table 1 (experimental data are take
from [5]); some more channels, including aB6 — 11/p~¢*¢~ modes, are discussed in [2]. For
the currently most interesting decays, the theoretical predictions and regesis by BaBar and
Belle are also plotted in Fig. 2. It will be interesting to confront our bounitis future data.
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