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Abstract. The C'P asymmetries of the decay B — K°K°, which originates from b — ds3 flavor-changing
neutral-current processes, and its C'P-averaged branching ratio BR(Bq — K K 0) offer interesting avenues
to explore flavor physics. We show that we may characterize this channel, within the standard model, in a
theoretically clean manner through a surface in observable space. In order to extract the relevant information
from BR(B4 — K°K?"), further information is required, which is provided by the B — 77 system and the
SU(3) flavor symmetry, where we include the leading factorizable SU (3)-breaking corrections and discuss
how experimental insights into non-factorizable effects can be obtained. We point out that the standard
model implies a lower bound for BR(Bq — K°K?), which is very close to its current experimental upper
bound, thereby suggesting that this decay should soon be observed. Moreover, we explore the implications
for “color suppression” in the B — 7m system, and convert the data for these modes in a peculiar
standard-model pattern for the C'P-violating B} — K°K° observables.

1 Setting the stage

The B factories allow us to confront the Kobayashi—Mas-
kawa (KM) mechanism of C'P violation [1], which de-
scribes this phenomenon in the standard model (SM), with
a steadily increasing amount of experimental data (for a
recent overview, see [2]). An interesting element of this pro-
gram is the decay B} — K°KY. It originates from b — ds3
flavor-changing neutral-current (FCNC) processes, which
are governed by QCD penguin diagrams in the SM. Should
these topologies be dominated by internal top-quark ex-
changes, the C'P asymmetries of B — K 9 K9 would vanish
in the SM thanks to a subtle cancellation of weak phases,
thereby suggesting an interesting test of the KM mecha-
nism (see, for instance, [3]). However, contributions from
penguins with internal up- and charm-quark exchanges are
expected to yield sizeable C' P asymmetries in Bg — K9K°
even within the SM, so that the interpretation of these ef-
fects is much more complicated [4]. In view of the impressive
progress since these early studies of Bg — K°KO and the
strong experimental upper bound for the corresponding
C'P-averaged branching ratio [5],

BR(B; — K'K?)
BR(BY - K°K?) + BR(BY — K°K")
2
< 1.5x107° (90% C.L.), (1)

it is interesting to return to this decay.
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As usual, we consider the following time-dependent
rate asymmetry:

I'(BY(t) = K°K®) — I'(BY(t) — K°K°)
I'(BY(t) - K'K°) + I'(BY(t) - K°KD9)
=AY (By — KYK°) cos(AMgt)
+AZX(By — K°K°) sin(AM,t), (2)

where A3L(B; — K°K°) and AZX(By — K°KY) de-
scribe the direct and mixing-induced C' P asymmetries, re-
spectively. In order to analyze these observables, we have
to parameterize the BY — K 0KY decay amplitude appro-
priately. Within the SM, we may write

AB = K K®) = NP PR L AOPIK 4 NP (3)

where the )\,gd) = V4aV,;, are CKM factors, and the 77,5( K
denote the strong amplitudes of penguin topologies with
internal g-quark exchanges, which receive tiny contribu-
tions from color-suppressed electroweak (EW) penguins
and are fully dominated by QCD penguin processes. If we

now eliminate )\gd) with the help of the relation
A = =MD A, (4)

which follows from the unitarity of the Cabibbo-Koba-
yashi-Maskawa (CKM) matrix, and use the Wolfenstein
parametrization [6], we obtain

A(BY — K°K°) = NAPEX [1 — pgge®sxel7] | (5)
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where PEK = pEE — PEK " and

'PtKK _PKK
PtKK _pKK:| ’

(6)

prre ¥ = R, [
with
A2\ 1|V,
Ry = (1 _ 2) 5 ‘ 2 = V@ i = 0.3T£0.04. (7)
cb

Applying the standard formalism to deal with the CP-
violating observables provided by (2) [2], we straightfor-
wardly arrive at

dir —
Acp =

Up(Bs— K°K?)
_ 2pK Kk sin Ok i siny (8)
1 —2pg K cos Ok cosy + pi g

&F (Ba — K'K°) (9)

mix —

cp =

_ singq — 2pk i cos Ok k sin(pa +7) + P sin(¢a + 27)
1 —2prk cosOk i cosy + p2 g

I

where the Bgfég mixing phase ¢4 agrees with 23 in the
SM; 8 and ~ are the usual angles of the unitarity triangle
of the CKM matrix.

The outline of this paper is as follows: in Sect. 2, we
show that B} — K 9KY can be efficiently characterized in
the SM through a surface in the three-dimensional space of
its observables. In order to extract the relevant information
from the C P-averaged branching ratio, an additional input
is needed, which is offered by the B — 77 system and the
SU(3) flavor symmetry. We show how insights into non-
factorizable SU (3)-breaking effects in the relevant hadronic
penguin amplitudes can be obtained, and point out that
the current B-factory data are consistent with small cor-
rections, although the experimental uncertainties are still
large. One of the main results of our analysis are lower
bounds for BR(Bg — K°K?), which are remarkably close
to the experimental upper bound in (1), thereby suggest-
ing that this decay should be observed in the near future
at the B factories. In Sect.3, we demonstrate then that
the measurement of the By — K°KY observables will al-
low us to reveal the hadronic substructure of the B — 7w
system, providing in particular insights into the issue of
“color suppression”. Conversely, using the pattern of the
current B-factory data as a guideline, we calculate allowed
regions in the space of the C'P-violating By — K°K° ob-
servables within the SM, which may be helpful in the future
to search for new-physics (NP) contributions to b — ds3
FCNC processes. Finally, we summarize our conclusions
in Sect. 4.

2 Standard-model picture of B — K°K?°
2.1 Preliminaries: top-quark dominance

It is instructive to have first a brief look at the case of
top-quark dominance, where (6) simplifies as follows:

pKKeiGKK = Rb . (10)
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Since the C'P-conserving strong phase 6k i vanishes in this
expression, (8) implies that the direct C'P asymmetry of
Bgq — K°K? vanishes as well. The analysis of the mixing-
induced C'P asymmetry (9) is a bit more complicated. If
we take into account that we have ¢4 = 23 in the SM, and
use the relations

_ l-0
1-02+n
(11)
(12)

n

———— cosf=
(1—20)*+17?

sin 8 =

_n ___ 0
Jerr VT JEiw

between the angles of the unitarity triangle and the Wolfen-
stein parameters [6], we may show that A% would actu-

ally also vanish. This can be seen more transparently if we

siny =

climinate A\ instead of /\§d) in (3). Assuming then top-
quark dominance, we obtain a cancellation between the
weak phase (3 of )\Ed) and the g introduced through the SM
value of ¢4, thereby yielding a vanishing mixing-induced
BY — K°K° CP asymmetry [3]. For our purposes, the
parametrization in (5) is, however, more appropriate.

2.2 Characteristic surface in observable space

In the following analysis, we assume that

¢a=20=(47T£4)°, 7=(65£7)7, (13)
as in the SM [7]. By the time the C P-violating asymmetries
in (8) and (9) can be reliably measured, the picture of these
parameters will be much sharper. The measurement of .Adci};
and AP allows us then to extract the hadronic parameters
prk and Ok in a theoretically clean manner. Although
these quantities are interesting for the analysis of charged
B — mK modes, as we will see below, and can nicely be
compared with theoretical predictions such as those of the
“QCD factorization” approach [8], they do not provide —
by themselves — a test of the SM description of the b —
dss FCNC processes mediating the decay B} — KK°.
However, so far, we have not yet used the information
offered by the CP-averaged branching ratio introduced

in (1). The parametrization in (5) allows us to write

BR(B; — K°K") (14)
= T P/ M, Mic/ M, )\ AP P (B)
where
O(z,y) =L~ (@ +yPI[L-(z-»)?  (15)
is the two-body phase-space function, and
(B) =1 —2pgk cosOk cosy + pi g - (16)

If we now use the SM values of ¢4 and v, we may characterize
the decay Bg — K9KY9 — within the SM - through a surface
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Fig. 1. The surface in the AYL-AZE(B) ob-
servable space of B — K°K?° for ¢4 = 47° and
~ = 65°, characterizing this decay in the SM. The
intersecting lines on the surface correspond to con-
stant px kx and Ok i, respectively. The numbers on
the fringe indicate the value of Ok, the fringe
itself is defined by pxx =1

in the observable space of A3, AR and (B). In Fig. 1, with
we show this surface, where each point corresponds to a
given value of pi i and Ok k. It should be emphasized that
this surface is theoretically clean since it relies only on the
general SM parametrization of B — K°K°. Consequently,
should future measurements give a value in observable space
that should not lie on the SM surface, we would have
immediate evidence for NP contributions to b — dss FCNC
processes. If we consider a fixed value of (B), we obtain

dir mix

ellipses in the AG&p—AEE plane, which are described by

(B) —2sin?~y

B (18)

Ay = [ ] sin(¢a + 27)

and

(B) —sin®y )
apdir, ::2““7g§y“‘*|SH17%

agmix = @ g | cos(da +27)] . (19)

gie 12 i 2 In Fig. 2, we show these ellipses for various values of (B).
ACp 4 | Aep Ao -1 (17) Since sin(¢q + 27y) = 0.05 and cos(¢q + 27y) = —1.00 for
a i, a pgmix ’ the central values of (13), we have actually to deal — to a
0.8
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Fig. 2. The ellipses arising in the ABX-AdL
Fig. 1, we have chosen ¢4 = 47° and v = 65°

B (B — KOK)

0}
. 300° _
B (B — KOK)

plane for given values of (B), with the associated values of pxx and Ok k. As in
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good approximation — with circles around the origin in the
case of this figure.

In the derivation of (17), we have assumed that (B) —
sin? y > 0, which enters in (19). In fact, if we consider (16)
and vary px i and Ok i as free parameters, while keeping
~ fixed, we find that (B) takes the following absolute min-
imum:

(B)min = sin®y = 0.82 7598 (20)
which corresponds to
prK =cosy=042+0.11, 6Oxgxg =0°, (21)

yielding

ABL =0, AZE = —sin(¢q +27) = — (0.05£0.25) .
(22)
The numerical results in (20)—(22) were calculated with the
help of (13). It is amusing to note that the associated values
of pxk and Ok are very close to the case of top-quark
dominance, as can be seen in (10).

2.3 Extraction of (B)

Whereas A3, and AR can be directly obtained from (2),
the extraction of (B) from (14) requires additional informa-
tion. To this end, we follow [9], and combine By — K°K?°
with By — w+t7~. It is then useful to write the decay
amplitude of the latter mode as

o1
A(BY — 7trn™) = —\3AP[T [1 —e dew} ., (23)

where P[™ is the By — 7+ 7~ counterpart of PEXX and de'?
is a hadronic parameter. Performing an isospin analysis of
the B — 7w system for the SM values of ¢4 and v in (13),
d and 0 could be extracted from the B-factory data, with
the following result [10]:

d=0487932 9= 4 (138119)°; (24)
similar values were subsequently obtained in [11]. If we
calculate now the CP-averaged By — w7~ branching
ratio with the help of (23), (14) implies

5 _
T BR(B; — K'K?)
B) = | - F..(d,0), 25
(B) = || | BRim ey | Ferld0). 25)
where we have introduced
1 —2dcosf d?
Frr(d,0) = CORTCSN T T 6571553, (26)

d2

and we have neglected tiny phase-space differences. The
numerical value in (26) follows from the B — 77 analysis
performed in [10]. In the future, the corresponding un-
certainties, which are only of experimental origin, can be
reduced considerably. Let us emphasize that (25) is valid
ezactly in the SM. In order to deal with the |Pr™/PEE
factor, we neglect color-suppressed EW penguins, which
have an essentially negligible impact on the By — K9K?°
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and By — w7~ modes [12], and use the SU(3) flavor sym-
metry of strong interactions. In the strict SU(3) limit, this
ratio equals one. If we take the factorizable SU(3)-breaking
corrections into account,’ we obtain

5| - [Jermaon | a0,
,PtIgK fact_ fKFBK(MIz{70+) M%_MIQ( S

27)
where fr = 131 MeV and fxr = 160MeV denote the pion
and kaon decay constants, and the form factors
Fp.(M2;07) and Fpx (M#%;0") parameterize the hadronic
quark-current matrix elements (7~ |(bu)yv_a|BY) and
(K°|(bs)v_a|BY), respectively. The numerical value in (27)
corresponds to the light-cone sum-rule analysis performed
recently in [14] (with d,1 = 0), while the form factors ob-
tained within the Bauer—Stech—-Wirbel (BSW) model [15]
yield a value of 0.72.

2.4 Exploring non-factorizable
SU (3)-breaking corrections

Insights into the issue of factorization and SU(3)-breaking
effects of the hadronic Py, penguin amplitudes can be ob-
tained with the help of B — 7w K modes, which originate
from b — § quark-level processes. Applying the formalism
of [10], we write

BR(B* - n*K)] [75,] _ 1|PEX[*[ 1+0R
BR(Bd‘}WJ”T*) TB+ € P Fmr(d, 9) ’
(28)
where
)\2
€= T3 =0.05, (29)
and

SR = 2p. cos b, cosy + p?

-2 [cos wg) + pe cos(6, — ((31)) cos?y ag&,)

2
+ [ag\(;\l,)] .

The hadronic parameter pcel is the BT — 77 K° counter-
part of py xe'?*% . Because of the different CKM structure
of Bt — 7t K° we have

(30)

0K K

pee?e ~ € pr e K (31)

so that p. is expected at the few percent level. The pa-
rameter ag&,) and the strong phase zbg) are related to
1)

color-suppressed EW penguins. It is expected that agw
is also of O(1072). Interestingly, the analysis performed
in [10] allows us to determine 3R from the data with the
help of the following relation:

— 2rcosdcosy + r?
R )
1" Chiral terms can be related through the Gell-Mann-Okubo
relation, as discussed in [13].

1
1+0R =

(32)
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where
R BR(BY — n~K*)+BR(B} — K7 7B+
BR(Bt —» 7t K% + BR(B- —» 7~ K% | 7,
=0.914+0.07, (33)
and the hadronic parameters
P= 01T 5= (422) (34)
were fixed through
reid = £ i(n=0) (35)

from the B — 7 analysis, which yields (24). Following
these lines, we obtain
SR = 0.036 75094 (36)

which is nicely complemented by the experimental re-
sults [5] for the direct CP asymmetry

Afp(BT = 7 K)

_ BR(B* - 7"K") -BR(B~ = 7 K")
~ BR(B* = ntK°% 4+ BR(B~ — 7~ KO)
= —0.02 £ 0.06, (37)
taking the following form:
ABL(BE — 1K) (38)
. 1 1
_ o [smf) aEf,Vj_sg;%(QC _ ((3))] iny

Consequently, we have no experimental evidence for anoma-
lously large values of p. and ag\(;,) . In particular, we do not
find indications for an enhancement of the latter parameter
describing the color-suppressed EW penguin contributions,
in contrast to the claims made recently in [16].

If we write now

’ L e A RV N A
Pg:: Ptc fact Ptc fact fK
(39)
we obtain from (28) with the help of (32) and (35)
n—fe
S

_ fx [1[d*>+2edcos@cosy+e? | [ BR(Ba — ntn7)

" f-\ €| 1—2dcosOcosy + d2 BR(Bq — nFK*)
0.48

= 10175438 (40)

where the numerical value follows from the analysis in [10].
The current B-factory data do therefore not indicate a
deviation of fgl_]%,f)t from one, although the uncertainties are
still large. In the future, (40) can be determined with much
better accuracy. In particular, since this expression involves
only B decays with charged pions and kaons in the final
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state,? it should be possible to explore it in a powerful way at
LHCDb [17]. A similar comment applies to the determination
of (26). It should be noted that (40) does actually not
only probe non-factorizable SU(3)-breaking effects, but
also the importance of penguin annihilation topologies,
which contribute to By — n#t7~ and Bd — K°KY (and
are implicitly included in PfT and PEK | respectively),
but do not contribute to Py, Their 1mportance can be
explored through the By — KK , By — 77~ system.
The experimental upper bounds on the former decay [10],
as well as the numerical value in (40), do not indicate
any enhancement.

2.5 Lower bounds on the B; — K°K?° branching ratio

By the time all By — K°K? observables can be measured
with a reasonable accuracy, we will have a good picture
of (40). We may then extrapolate correspondingly to the
determination of |PJ™ /PEX| through (27), allowing us to
relate (B) to the C P- averaged By — KYK°branching ratio
with the help of (25). For the following analysis, we will just
use (27), complementing it with the numerical result in (26)
and BR(By — 777~) = (4.6£0.4) x 1076 [5]. We are then
in a position to convert the lower bound in (20) into the
following lower bound for the C'P-averaged By — K°K°
branching ratio:

BR(Bg — K°K°)min (41)
2

0.258 % 10-5.

FBW(MTQF7 0+)

Fpx(Mf;0")

= (1.39%5:55) 0.331

In this expression, we made the dependence on the form
factors explicit, where the numerical values refer to [14].
If we use the BSW form factors [15], the lower bound on
BR(By — KK?) is reduced by about 20%.

Interestingly, a picture similar to the one of (41) emerges
also from a very different avenue: it is a nice feature of (25)
that this relation uses only b — d transitions. However, it
is also useful to combine BY — K°K° with the b — 3
transition BT — 7T K°. As we have noted above, in doing
this we have to neglect the penguin annihilation topologies
contributing to the former mode. Neglecting phase-space
differences for simplicity, we may then write

nK |2
Ptc

1 BR(Bg — KOK'O) TR+
B) =~
(B) e | PEK (1+3R) |:BR(Bi—>7TiK) B,
(42)
where
PrK [ Fpr(ME;00) ] [ M} — M? o9
(43)

2 The determination of d and € relies only on the measurement
of the C' P-violating By — w7~ observables, yielding a twofold
solution. Using additional information on the CP-averaged
By — 7°7° branching ratio, this ambiguity can be resolved,
thereby yielding the single solution in (24) [10].
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The numerical value in (43) corresponds again to the light-
cone sum-rule analysis performed in [14] (with 41 = 0).
If we now use BR(B* — 7T K) = (21.8 + 1.4) x 1076 [5],
T+ /T, = 1.086 £+ 0.017, as well as (36) and (43), (42)
allows us to convert (20) into the following lower bound:

BR(By — K°K°)min (44)

Fpi (Mf;0")

0.258 iy
0.331 :

B 10.18
= (1.3670,21) X FBW(M?{§O+) 10

In comparison with (25), the advantage of (42) is obviously
that the B — 77 analysis enters only through 8R, which
has a small numerical impact. This feature is nicely reflected
by the errors of (44), which are considerably reduced with
respect of (41), while the central values are very similar. On
the other hand, we have to rely on the neglect of the penguin
annihilation topologies in By — K°K?, so that (25) is
conceptually more favorable.

In view of the different assumptions entering (41) and
(44), we consider it as very remarkable to arrive at such a
consistent picture (see also (40)). Looking at (1), we observe
that these lower SM bounds are very close to the current
experimental upper bound, thereby suggesting that the
observation of the decay B} — K°K" at the B factories
is just ahead of us. If we assume again that the penguin
annihilation contributions to Bg — KO9K9 are small, the
decay BT — K KO has a very similar branching ratio; the
current experimental upper bound is given by 2.5 x 1076
(90% C.L.) [5]. The latter mode is the U-spin counterpart
of Bt — 77K, ie. both channels are related to each
other by interchanging all down and strange quarks, and
was discussed in the context of dealing with the parame-
ter p. [10,18].

2.6 Upper bounds on (B) and pk ki

It is also interesting to convert the experimental upper
bound in (1) into upper bounds for (B). Using (25) and (42),
we obtain

[ Fpr(M2;0t)  0.331

2
B — (0.8870%0
(B) (088%0'57) x| 0358 Fpr (M 0%)
"BR(B KORO
y R(Bg — ) (45)
1.5 x 10-6

and
[ Fpr(M2;0%)  0.331 2
0258  Fpr(MZ;07)
[BR(Bs — K"K°)
1.5 x 106 ’

<B>max = (0~91t8:ég) X

(46)

respectively. We observe that the numerical values in (45)
and (46) are very close to the lower bound in (20), which is
of course no surprise because of the discussion given above.
The interesting aspect of an upper bound for (B) is that
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it allows us to obtain an upper bound for px i with the
help of the following relation:

PEKK < |COS’Y| + <B>max - Sin2 v (47)
where the central values in (45) and (46) correspond for
v = 65° to pxr < 0.66 and pxx < 0.72, respectively, but
the uncertainties remain sizeable.

Looking at (31), we see that these upper bounds for
pr i imply that p. is actually tiny, in accordance with
the discussion after (38). In [10], the experimental upper
bound for BR(B* — K*K) discussed above was con-
verted into p. < 0.1 with the help of the U-spin relation to
BR(B* — 7% K), which would conversely correspond to
prk S 2. Consequently, (47) yields stronger constraints
on this parameter.

2.7 Comments on a different avenue: extraction of ~

The analysis discussed above depends on the value of ~.
This parameter enters explicitly in the corresponding for-
mulae, but also implicitly through the values of d and 6
in (24), which follow from the direct and mixing-induced
C P asymmetries of By — w7~ and are actually functions
of y [10]. However, if we do not assume that - is known, it is
easy to see that the determination of the three By — K°K?°
observables AL, AR and (B) allows us to extract simul-
taneously prxr, Oxx and ~y, up to discrete ambiguities.
This feature is not surprising, since it was suggested in [9]
to complement the C P-violating By — 777~ asymmetries
with the observables provided by By — K°K?° to deal with
the famous penguin problem in the former channel and to
determine the angle a of the unitarity triangle. We have
just encountered a different implementation of this strat-
egy. Alternative methods to extract v from By — K°K°
were proposed in [19], combining this channel with its U-
spin partner By — K°K©.

3 Correlations with the B — 77 system

The decay BY — K°K° will also allow us to obtain valuable
insights into the substructure of the B — w7 system. In the
analysis of these decays in [10], another hadronic parameter,

iA Cﬂr + (PZL” — 57r7r)
7;71' - (ngf - gﬂ'ﬂ') ,

was introduced, where C,, and T, are the strong ampli-
tudes of color-suppressed and color-allowed tree-diagram-
like topologies, respectively, P77 = PI™ —P; ™ is defined in
analogy to P, and &, describes an exchange topology.
In analogy to the determination of d and 8 (see (24)), =
and A can also be extracted from the B — 77 data, with

the following result:3

xre

(48)

r=1227030 A=—(1117)" .

(49)

3 There is also a second solution for (x, A), which is, however,
disfavored by the B — 7w K data.
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Fig. 3. The contours in the Oxx—prx K plane corresponding
to the central values of (d,6) and (z,A) in (24) and (49),
respectively, for various values of a3” and AZ™ € [0°,360°]

If we now introduce the “color-suppression” parameter

B ™ CTr
CL72'r7'relA2 ,
Trn

neglect the exchange amplitude &, which is expected to
play a minor role and can be explored with the help of
the By — KTK~, By — w77~ system [10], and use the
SU(3) flavor symmetry of strong interactions, we obtain

3

(50)

T JATT iA —i60
b _ |02 €72 —we e (51)
pKK - T AATT
azTelcz +1 d

In Fig. 3, we illustrate the resulting contours in the g x—
pxk Pplane for various values of a™ and AJ™ € [0°,360°],
taking also into account that values of px x being signifi-
cantly larger than 1 are disfavored because of the discussion
in Sect. 2.6. In order to simplify the analysis, we have consid-
ered the central values of (d, §) and (x, A) in (24) and (49),
respectively. By the time the C'P-violating By — K°K°
observables can be measured, much more accurate deter-
minations of these parameters will anyway be available. As
soon as px k and Ok i are extracted from the By — K°K°
observables, (51) allows us to determine a3™ and AZ™ with
the help of

ze'? + del¥ py pelfxx
1-— delepKKeleKK

N
agﬂelAz —

(52)

Following [10], we may then also determine the hadronic
parameter Cpre®¢ = PI7 /T, as well as PE/Trx, 50
that we are in a position to resolve the whole substruc-
ture of the B — 77 system. In particular, we may then pin
down the interference effects between the different hadronic
penguin amplitudes, and may decide which one of the pat-
terns suggested in the literature (see, for instance, [10,20])
is actually realized in nature.

If we look at Fig. 3, we observe that upper bounds for
pr i correspond to lower bounds for aj™, as illustrated
in Fig.4. For pxrx < 0.9, we obtain af™ 2 0.6. Conse-
quently, the rather stringent upper bounds for px i follow-
ing from (47) require a sizeable deviation from the naive
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Fig. 4. The correlation between the upper bound for pxx
and the corresponding lower bound for a5™ with the associated
values of Oxx and A3™ for the case shown in Fig.3

value of aj™e“2" ~ 0.25. This observation is in accor-
dance with discussion given in [10], putting it on more
solid ground. In this picture, we have destructive interfer-
ence between the P;/™ and PI™ amplitudes, whereas the
interference between P[™ and PJ™ is constructive, with
|PI™ [ Trr| ~ |PIX™/Trr| ~ 0.25. Moreover, 0.5 < a5™ <
0.7 with AZ™ ~ 290° is suggested, where px i is actually
close to its current experimental upper bounds discussed
in Sect. 2.6, as can be seen in Fig. 4.

Let us finally come back to the C P-violating observ-
ables A%, and ’8}3‘ of the decay BY — K°K". In Fig.5,
we consider the AZX- A3, plane and show the contours
for different values of af™, where each point is parameter-
ized by a given value of AZ™. In accordance with our upper
bounds for pg i, we assume that pxx < 0.9; the contours
are dashed where this bound is violated. The shaded region
is calculated with the help of (51) for the central values of
(d,0)and (z, A) in (24) and (49), respectively, imposing the
constraints of pxx < 0.9 and a5™ < 0.9. As far as the latter
bound is concerned, we allow for values being significantly

AdE(By — K°KY)

|
o
u

-0.6 -0.4 -0.2 0 0.2

&5 (Ba — K°K")
Fig. 5. The contours in the AZX-AYL plane corresponding

to different values of a3™ between 0.2 and 1. The contours
are drawn solid for pxx < 0.9 and dashed for pxx > 0.9.
The shaded region illustrates the area where a3™ < 0.9 and
prr < 0.9
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Fig. 6. The contour in the AZX- AL plane arising for the

limiting case illustrated in Fig. 4 The numbers below and above
the curve correspond to the given upper bound for pxx and
the associated minimal value of a3”, respectively

larger than the range discussed above to be on the conser-
vative side. From the position of the contours it can be seen
how this region changes for different upper bounds on a3™.
We observe that an interesting pattern emerges, where
negative values of the mixing-induced B} — K VKO CPp
asymmetry are preferred. In order to complement Fig. 5,
we show in Fig. 6 the curve corresponding to the correla-
tion between the lower bounds on a3™ that are implied by
upper bounds on pg, as illustrated in Fig. 4.

It should be noted that the analysis performed in this
section — and the pattern in the ABX—A3, plane — do not
depend on the SU(3)-breaking ratlo of the Fp, and Fpg
form factors that we encountered in Sect. 2. This quantity
enters only implicitly when we impose the upper bounds for
pi i that are extracted from the current B-factory data.

4 Conclusions

In our analysis of the penguin mode BY — K°K°, we have
first shown that this channel can be efficiently character-
ized in the SM through a theoretically clean surface in
the space of its observables AXL | AR and (B). Whereas
the C' P asymmetries can straightforwardly be determined
from time-dependent rate measurements, the extraction
of (B) from the CP-averaged B — K°K" branching ra-
tio requires additional information. This can be obtained
from the B — 7 system with the help of the SU(3) flavor
symmetry, including the factorizable SU(3)-breaking cor-
rections through an appropriate form-factor ratio; we have
also discussed how insights into non-factorizable SU(3)-
breaking corrections of the relevant hadronic penguin am-
plitudes can be obtained, and have shown that the cur-
rent B-factory data are consistent with small effects, al-
though the errors are still large. Alternatively, (B) can also
be determined with the help of the C'P-averaged B* —
7+ K branching ratio, requiring the additional assump-
tion of small penguin anmhllatlon contributions to B0
K°K?Y. For our numerical analysis, we have used the S U( )-
breaking form-factor ratio obtained in a recent light-cone
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sum-rule calculation, which is consistent with the BSW
model; further analyses are desirable.

Following these lines, we pointed out that thereis a lower
bound for the C'P-averaged By — K°KY branching ratio
within the SM, where the B — 7w and B¥ — 7% K avenues
give remarkably consistent pictures. The interesting feature
of this lower bound is that it is found to be very close to
the current experimental upper bound. Consequently, we
expect that the decay BY — K°K° will soon be observed
at the B factories.

Finally, we have explored the interplay between B0
K°K? and the B — 7 system, where the former chan—
nel allows us to resolve the whole hadronic substructure
of the latter modes. In particular, we have shown that
upper bounds for pg K imply lower bounds for the color-
suppression factor a3 pomtmg to a sizeable deviation
from the naive value of as™ e42" ~ 0.25. Moreover, we
have analyzed the impact on the allowed region in the
plane of the C P-violating By — K°K?° observables, and
found that the current B-factory data have a preference
for negative values of the corresponding mixing-induced
C P asymmetry A%, By the time these quantities can be
measured, we W111 have a much better picture of the pa-
rameters entering this analysis, allowing us to perform an
interesting test of the SM description of b — dss FCNC
processes, which are currently essentially unexplored. The
full implementation of these strategies should provide an
interesting playground for the planned super-B factories.
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Note added in proof: Shortly after this work was fin-
ished, the BaBar collaboration announced the discovery of
BY — K°K° with a BR of (1.1979:32 +0.13) x 1076 [21],
in accordance with our expectations.



