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Updated bounds on CP asymmetries in B — 'K and B — 7K
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New rate measurements of B® decays into 7°7°, #%n, #°%’, nn, 7', 7'y’ and K* K~ are used in
conjunction with flavor SU(3) to constrain the coefficients S and C of sinAm¢ and cosAmt in the time-
dependent CP asymmetries of B° — 5/K and B — #°K. Experimental values of S 'k r€ NOW seen to
be closer to the Standard Model expectations, fully consistent with the new improved bounds.
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I. INTRODUCTION

Time-dependent CP asymmetries in B® decays to CP
eigenstates dominated by the b — s penguin amplitude
have for several years been fertile ground for exploring
signatures of new physics [1]. The decay B — 'Ky, as
one example, attracted attention because of the possible
deviation of the coefficient S, of the sinAmt term from
its predicted value of sin2¢; = sin23, where B =
arg(—V,,V;,V.qV5,) is one of the phases in the standard
unitary triangle constructed from the Cabibbo-Kobayashi-
Maskawa (CKM) matrix elements. A value sin28 =
0.674 £ 0.026 is extracted from B — J/yK; decays [2].

In Refs. [3,4] correlated bounds on § and C parameters
in time-dependent decays B’ — %'K; and B° — 7°Kj
were obtained using branching ratio measurements of
SU(3)-related B° decays. The BABAR Collaboration now
has updated its measurements of a number of branching
ratios which contributed to the bounds in Ref. [3], leading
to a further strengthening of these bounds within the
Standard Model. These new results include branching
ratios for B — nn’, na°, n'7° based on 232 X 10° BB
pairs [5], for B — nn, n'n’ based on 324 X 10° BB pairs
[6], and B® — 7°7° based on 347 X 10° BB pairs [7].
Belle has also updated its branching ratio for B® — 707
based on 532 X 10° BB pairs [8]. At the same time BABAR
has presented new values for S,k and C,x which are
closer to the predictions of the standard model [9], while
Belle has updated its values based on more data [2,10,11].
Finally, new measurements of S o, and Cox were pre-
sented by both Belle [10] and BABAR [12]. The purpose of
this work is to compare the new predictions with the new
measurements. The considerable improvements in bounds
in comparison with our earlier treatments [3,4] deserve to
be noted despite the fact that we break no new theoretical
ground here. Where otherwise unspecified we use values of
branching ratios quoted by the Heavy Flavor Averaging
Group [13].

Alternative approaches for studying the asymmetries S
and C in b — s penguin-dominated B° decays have been
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adopted in other works by calculating hadronic amplitudes
for these processes within the frameworks of QCD
Factorization [14], Soft Collinear Effective Theory
(SCET) [15] and a model for final state interactions [16].
In Sec. II we briefly sketch the formalism for the case of
time-dependent asymmetries in B® — n/Kj, referring to
[3] for details, and present the new bounds on S,k and
C,y,- In Sec. III the updated bounds for B® — 7K will
then be given. We summarize in Sec. IV, stressing the fact
that our bounds may be approaching their optimum limits.

II. BOUNDS FOR S,k AND C,
For 1'K the asymmetry has the form [17]:

_ IB°(1) — n'Ks) — T(B°(t) — 7'Ky)

Al) = ==
['(B°(1) = n'Ks) + T'(B°(1) — 1'Ks)
= —C,gcos(Amt) + S,k sin(Amt), (1)
with
g, = 2Im(A,k) _ 1= |A,xl?
TET T Ikl TET T gkl -
_,ig A(BY = 7'K°)
)\n/K = —e 2”3

We decompose the B” — 1/K? amplitude into two terms
Ap and A[ containing, respectively, the CKM factors
Vi, V. and V5V,

A(B® — 1'K®) = Ap + AL = |Aple® + |ACle™,  (3)

where 6 and vy in the last equality are, respectively, the
strong and the weak phase. In the diagrammatic language
A} is the dominant b — s penguin amplitude and A is a
color-suppressed amplitude.

The asymmetries S,/ and C, /g are

"The normalization of Aj,’ ¢ differs from the one in [3] by J/6.
This normalization cancels in the results for S, g, Cpk.

© 2006 The American Physical Society


http://dx.doi.org/10.1103/PhysRevD.74.093003

MICHAEL GRONAU, JONATHAN L. ROSNER, AND ZURE ZUPAN
_ sin2B + 2|AL/Ap| cosdsin(2B + y) —

PHYSICAL REVIEW D 74, 093003 (2006)
|AL/ALI? sm(Za)

/ 4
K Rk 4)
{
2|Al. /Al sind siny 1 1
C o =—CI7°P , 5 3 carA(f) = —=A(m07°) — S A(#°
'K Ry (5) rasA(f) \/— (7% = 3 A(m"n)
2 —A
Ryx =1+ 2|AL/Ap| cosd cosy + |AL/ALI%  (6) 6\/— A(m'n') + 3f (nm)

The amplitudes A}, and A}, are expected to obey |A,| < A’y = —_A(qgn)). (11)

|AL| [18]. If Al were neglected one would have SﬂK
sin2B, C,x = O Keeping only linear terms in |AL /A’ |
[17] one would have an allowed region in the (S, /x, C,/x)
plane lying inside an ellipse centered at (sin23, 0). We use
the exact expressions (4)—(6). Bounds on vy from global
CKM analyses [19] lead to asymmetries in the approxi-
mately elliptical regions surrounding the Standard Model
point.

Using the flavor-SU(3) decomposition of Refs. [18,20—
25] one can express the ratio Ap/Ap in terms of
SU(3)-related amplitudes A-/Ap for AS =0 B° decays
as pointed out in [26]. The bounds on AS, x = S,k —
sin23 and C,/k then arise because Ay = = M is CKM-
suppressed, while A, = —A71Ap is CKM—enhanced com-
pared to the AS = 0 amplitudes (here A = —V_,/V,, =
0.230). Writing Ap ¢ in terms of the AS =0 B — f am-
plitudes A,

one then obtains the bounds (see [3] for details)
IR =2 _ o jar) < BEX
ALl = . 8

The ratio R is
rr = VISR + 130,400

TAE = KR+ @ — e
and is bounded by
B
R =3 10
flafl 3( 'KO) (10)

For a given set of coefficients a s, nonzero branching ratio
measurements and upper limits on CP averaged branching
ratios Z_Ef provide an upper bound on R, for which the
right-hand-side of (8) gives an upper bound on |A./A}|.

Since there are more physical amplitudes A( f) than

SU(3) contributions, one may form a variety of combina-
tions satisfying (7). We consider two of the cases noted in
Ref. [3]:

(1) A combination involving pairs including 7°, 1 and
7’ in the final state was proposed in [26] by using a
complete SU(3) analysis, and in [27] by applying U-
spin symmetry arguments:

12[ 3[

(2) Another superposition, satisfying (7) in the limit in
which small amplitudes involving the spectator
quark may be neglected, involves only three
strangeness-conserving amplitudes:

5 1
SrarA(f) = =S A(m'n) + —=A(#"7’
rar () 6 n 3 \/E (77’
V3

- TA(m’/)' (12)

The coefficients a; in these cases can be read off Egs. (11)
and (12).

As mentioned before, the upper bounds for a number of
the relevant decays have been strengthened recently. In
units of 107°, we use the value [13] B(n'K°) = 64.9 (we
ignore the error =3.5 as in Ref. [3]) and the 90% c.1. upper
limits B(7°7°) < 1.58, B(7’n) < 1.3, B(#7'7') < 2.4,
B(nn) < 1.8, B(n'n') <2.4, and B(nyn') < 1.7. These
inputs are compared with those used in Ref. [3] in
Table 1. The bounds on R obtained in the above two cases
are then as follows:

(1) Assuming exact SU(3) and applying (11) we find,

using the central value for B(n'K°),

R <0.116 (formerly 0.18). (13)

(2) Using (12), which contains three processes, one
finds

R <0.070 (formerly 0.10). (14)

The approximation involved in deriving (14), where SU(3)
breaking and small amplitudes were neglected, is compa-
rable to that associated with (13) which only neglects
SU(3) breaking effects.

TABLE L.  Branching ratios in 1076 and 90% C.L. upper limits
on branching ratios.

Mode "IIKO 77.0 77.0 77.077 77.0 T]l nm n/nl T]n/
This work 64.9 +3.5 1.31 =021 <1.3 1577 <1.8 <24 <17
Ref. [3]  65.27¢ 1.9+05 <25 <37 <28 <10 <46
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In order to study constraints in the (S, C,yx) plane, we
now apply the upper bounds (13) and (14). The exact
expressions (4)—(6) imply correlated bounds on these two
quantities associated with fixed values of R. We scan over
—a = 0 = m, taking a central value 8 = 21.2°, values of
v satisfying 52° = y = 74° [19], and values of |A./A}| in
the range (8), where R satisfies the bound (13) or (14). The
bounds on (S,, C,yx) are shown in Fig. 1. The small
plotted point corresponds to (S, C,ygx) = (sin2, 0)
(see below). The large plotted points correspond to the
most recent results reported by BABAR [9] and Belle
[11]. These results are noted in Table II.

The greatest range of AS, k is obtained for C,/x, = 0.
For the inner ellipse in Fig. 1, based on Eq. (14), one finds

—0.046 < AS,,/KS < 0.094, (15)
while for the outer ellipse based on Eq. (13), the limits are
—0.133 <AS,g, <0.152, (16)

Note that the conservative bound (16) uses only SU(3)
symmetry. In obtaining the more restrictive bound (15)
further dynamical assumptions were made: that the anni-
hilationlike amplitudes pa and e [18] can be neglected
(this can be justified by taking the m; — oo limit [15,28])
and furthermore that the singlet annihilationlike ampli-
tudes ¢, and sy [15] that depend on the gluonic content
of 1’ can be neglected (the latter do not vanish in the m;, —

0.2 —

0.0—

Cox

FIG. 1. Regions in the (S,/k, C,/x) plane satisfying limits on
the ratio |AL/A%| and bounds (13) (region enclosed by the solid
curve) or (14) (region enclosed by the dashed curve). The small
plotted point denotes (S, C,yx) = (sin23, 0). The points with
experimental errors denote values from BABAR [9] (plain point)
and Belle [11] (small square).
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TABLE II.  Time-dependent asymmetries in B® — 7'Kj.
Parameter BABAR [9] Belle [11]
Sk, 0.58 = 0.10 = 0.03 0.64 = 0.10 = 0.04
Coykg —0.16 = 0.07 = 0.03 0.01 =0.07 =0.05

oo limit, while it is not clear whether or not they are small
numerically [15]). The explicit calculations in QCD
Factorization [14], SCET [15], and a model for final state
interactions [16] give results that lie well within both of the
above ranges.

IIL. BOUNDS FOR S 05, AND C ok,

We next turn to B — 7K decay. Measured asymme-
tries are summarized in Table III. The analysis is similar to
the one presented above, with the details given in [4].
Using the same notation as for B — n’'Kg we have

SasA; = AB — 77°) + A(B" — K*K)/V2,
f

a7)

so that (9) gives now

Rz = X2[|A7TTT + AKK/\/El2 + |A_7T7T + AKK/\/EP]
/K A zxl? + 1A«

(18)

As in [4] we now distinguish two cases:

(1) Neglect the 1/m,, suppressed B — K* K~ ampli-
tude for which the experimental value is B(B® —
K*K™)=(0.07513)- 107 [13]. Then with
B(B® — 77 = (1.31 = 0.21) X 107° and
B(B® — 7°K?) = (10.0 = 0.6) X 107, we find

- |B(B® — #°#°)
R = A |—=
/K \B(BO — 79K9)

=(83+0.7)-1072 (19)

to be compared with R /x = (9.1 £ 1.2) - 1072 in
[4].

(2) Keeping A(B” — K*K™) increases the error on
R ;/k which now lies in the range

R =R, =R, (20)
TABLE III.  Time-dependent asymmetries in B® — 7°K.
Parameter BABAR [12] Belle [2]
S0k, 0.33 £0.26 = 0.04 0.33 = 0.35 £ 0.08
Coog, 0.20 + 0.16 + 0.03 0.05 = 0.14 * 0.05
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FIG. 2. Top: points in the S, g-C, ¢ plane satisfying *1lo
limits (19) on the ratio R/, with the small B — KtK~
contribution ignored. The small plotted point denotes the pure-
penguin value S, = sin283, C,x = 0. Points with experimental
errors denote values from BABAR [12] (plain point) and Belle
[10] (small square). The dashed arc denotes the boundary of
allowed values: S%, + C2, = 1. Bottom: small B — K"K~
contribution included.

where

—/ |B(B® — #79)
R + = /\ TN
- (\ B(B" — 7K")
. BB — K*K")
“\2B3B — WOKO))
= Rﬂ./[((l * r).

21

With B(B® — K*K~) < (0.224 X 107° (90% c.l.)

and the central value of B(B° — 7°7°) we find r <

Fmax = 0.292. Then the lower limit on R,/ be-

comes R_ = (0.076)(1 — ry.) = 0.054, while the

upper limit becomes R, = (0.090)(1 + rp.) =

0.117. These are to be compared with R_ =

0.055, R, = 0.126 obtained in [4] using central

values for B(B® — 7°K?), B(B® — 7°7) and the
upper limit on B(B® — K*K™).

The results of these two cases are shown in Figs. 2. A

small region of parameter space near the value (S, C) =

(sin2, 0) is actually excluded, as in the case considered in
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Ref. [4] when the small B — K™K~ decay amplitude was
ignored. Here, a small region is excluded even when B® —
K*K~ is taken into account. This is due in part to the
improved upper bounds on this process but also to the more
restricted range assumed for y: 52° =< y =< 74° [19] com-
pared with 38° = y = 80° taken in Ref. [4].

IV. SUMMARY

SU(3) bounds on the time-dependent CP asymmetries in
B? — n/Kg and B — 79K continue to improve as one
incorporates improved bounds on rare B°— 79790,
7"y, and K*K~ decay branching ratios. The bounds
presented in this work will thus reach their minimal values
once all the above decay branching ratios are measured.
These minimal bounds can be estimated using theoretical
predictions for B® — 77", nOn"), and K*K~ within
QCD Factorization [14], SCET [15] and perturbative
QCD (PQCD) [29]. While the central values in these
calculations are typically smaller than the current experi-
mental upper bounds, their theoretical uncertainties are
large, permitting values close to these bounds. For ex-
ample, gluonic contributions to B — 1) form factors
may enhance the relevant branching ratios. Global SU(3)
fits for B decays into two pseudoscalars obtain values
which are within errors near the upper bounds [27,30,31].
A first indication that the actual branching ratios are not far
below current bounds is the measurement B(B’ —
mn') = (1.5737) X 1079, lying significantly higher than
central values calculated in QCD Factorization and PQCD.
This may indicate that the bounds (13) and (14) will not
improve significantly in the future.

The present constraint on the region around (S, C) =
(sin2, 0) consistent with the Standard Model is shown in
Figs. 1 and 2. With the new measurements the experimental
deviations from the Standard Model for B — 7'K have
decreased, while those for B — 7Ky are not yet statisti-
cally compelling.
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