Eur Phys J C 33, s01, s315-<317 (2004)
Digital Object Identifier (DOT) 10.1140/epjcd /$2004-03-1739-0

EPJ C direct

electronic only

Non-leptonic rare B-decays from Belle

C.H. Wang, for the Belle collaboration

National United University, Taiwan

Received: 7 January 2004 / Accepted: 13 January 2004 /
Published Online: 3 March 2004 — (© Springer-Verlag / Societa Italiana di Fisica 2004

Abstract. Recent results of exclusive charmless hadronic B decays with an w or ¢ meson in the final
states from Belle collaboration are reviewd. We present measurements of the branching frations of B —
wKT wr™ and B — QSK(*). We also report the observation of the decay mode B — ¢ K.

PACS. 13.25Hw — 14.40Nd - 14.40Gx

1 Introduction

Charmless hadronic B decays play an important role in
the understanding of CP violation in the B system. These
decays proceed primarily through b — s loop penguin
diagrams and b — wu tree spectator diagrams with in-
terference effects between them. The branching fractions
of B = ¢K*) and B — wK*(71) have been predicted
by QCD-factorization [I] and PQCD [2]. In addition, the
B — ¢¢pK decays may be sensitive to glueball production
in B decays, where the glueball decays to ¢¢ [3]. Here, we
present the results of a study of B decays to ¢ K*, ¢ppK
and wK (7). Charge conjugated are implied throughout.

2 Analysis in general

In all the decay modes presented here, the continuum pro-
cess (ete™ — ¢q) is the dominant background. Since BB
events are spherical while the continuum events are jet-
like, we apply cuts on various event shape variables to
suppress the background. 4] The data used here contain
85 x 10 BB pairs.

B candidates are identified using two kinematic vari-
ables: beam constrained mass: Mg = \/Efeam - 102B7 and
the energy difference: AE = Eg — Fpeqm- Here Epeqp iS
the beam energy, pp and Ep are the momentum and en-
ergy of a reconstructed B candidate, respectively, where
all variables are defined in the 7°(4.5) rest frame. The yields
are obtained from unbin extended Maximun Likelihood
(ML) fit on that variables. [4]

3 B — ¢ K™ decays

These decays can provide information on the Cabibb0-
Maskawa matrix element V;, and can be sensitive to
physics beyond the Standard Model [5]. Here, we look
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Fig. 1. Distributions of AE (M) with fit results for the

events in the My, (AFE) signal window. The continuum back-
ground component is shown by dashed curves

for the B decay modes ¢ K+, ¢K°, $K*° and ¢K*t. The
daughter particles are reconstructed through ¢ — KTK~,
K - Ktr=, K*T - KTn% and K*T — K7 ™.

The results of the branching fraction measurements
(B) are summarized in Table [l The AE and M, projec-
tions are shown in Fig.[Il Our results [6] are in agreement
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Table 1. Signal yields (IVs) obtained by fits after back-
ground subtraction, total efficiency (e€), statistical significance
(¥ = /2In[L(Ns)/L(0)]), and measured branching fraction
(B). The intermediate branching fractions are taken from [9]

Mode N, e (%) X B(1079)

BY o oK~ 136715 169 165 94+1.140.7

B° — ¢K° 35.675% 46 87  9.07%2407

BY = K0 585191 69 11.3  10.0f1¢ 40T

BT — K™t - - 4.9 67124 0T
K** 5 Kta® g0%42 14 28 6.9t§§ +
K*t — K9nt
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Fig. 2. Projections of My, and AFE overlaid with the fitted
curves for (a, b) Bt — ¢pK™ with My, < 2.85 GeV/c?, (c,
d) Bt = n.K" and n. — ¢9, (e, ) Bt - n.K" and n. —
2(KtK™),and (g, h) Bt = J/yKt and J/¢ — 2(KTK™)

with measurements by BABAR [7] and CLEO [g], and the
predictions by PQCD [2].

4 B — ¢¢pK decays

The decay mode B — ¢¢K is an example of a b — s5s5s
transition, which requires the creation of an additional
final ss quark pair than in b — sSs processes such as
B — ¢K decay. Here, we look for the B decay modes
ddK T, ppK® with M(¢p¢) < 2.85 GeV/c?. We also look
for decays to charmonium states. For charmonium states,
we reconstruct them through 1. — ¢¢, n. — ¢K+TK—,
Ne = 2(KTK™), J/v = ¢KTK™ and J/v — 2(KTK™).
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Table 2. Signal yields, efficiencies (¢) including secondary
branching fractions, statistical significances(c) and branch-
ing fractions of B related decays. The branching fractions
for modes with K™K~ pairs include contributions from ¢ —
KYK~

Mode Yield (%) (o) B (x107°%)
POK ™ 7352 33 2.6 Tg5+£0.3
POK 87138 22 53 23709403
1(2220)(pp) K+ < 3.7 3.6 . <12
Ne(dpp) KT 70739 37 88 22710405

ne(pKTK™)K*
ne(2KTK7)) K"
J/(¢KTKT)K*
J/Y2(KTE7)) K"

141752 46 7.7
146735 96 6.6
9.037 44 53
11.0 732 92 48

3.6 755 +08
1.8 135 +0.4
2.4 159403
1.4 756402

Table 3. Measured branching fractions of secondary charmo-
nium decays and the world averages [9]. The branching frac-
tions for modes with K™K~ pairs include contributions from
- KTK~

Decay mode B (this work)(x1073) B (PDG)(x107?)

Ne — ¢ (1.8 758 4+0.7) (7.142.8)
Ne = ¢KTK™ (2.9 32+ 1.1) -

ne — 2(KTK™) (1.4 T55 +0.6) (21 +£12)
J/p — ¢KTK™ (24 753 4+0.3) (0.74 £0.11)
J/p — 2(KTK™) (1.4 55 +0.2) (0.74+0.3)

We also search for the possible gluball candidate f;(2220)
through BT — f;(2220)K*, f;(2220) - KT K- KTK~.

For BT — ¢pK* with M(¢¢) < 2.85 GeV/c?, the
ML fit gives an event yield of 7.3752 5. Projections of the
AF distribution and of the M, dlstrlbutlon are shown in
Figs. 2(a,b). For the B® — ¢¢K° mode, there are only
four signal candidates. We combine the BT — ¢¢K+ and
B% — ¢¢K° modes and perform a ML fit and obtain a
signal event yield of 8.75-%. The final results for B(B —
¢ K) are obtained assuming isospin symmetry.

Contributions to the systematic error include the un-
certainties due to the tracking efficiency (5.4%), particle
identification efficiency (5%), the modeling of the likeli-
hood ratio cut (2%), the modeling of the 2-D ML fit PDF
functions and possible contamination by non-resonant ¢
(KTK7)NrK™T or 2(KTK~)Ngr KT decays (< 5%). The
results are summarized in Table 2] [10].

Clear signals have observed for BT — 7.KT and
Bt — J/pK™T with n. — ¢p,n.(J/¢) = ¢K+TK~ and
ne(J/1) — 2(KTK™). Projections of the AE distribution
and of the M, distribution are shown in Figs. R(c-h).
Results of the fits are summarized in Table [2. Using the
measured branching fraction B(B* — 7. K*) = (1.25 &
0.42) x 1073 [11] and the known B(B* — J/YK*) =
(1.01£0.05) x 1072[9], we obtain the secondary branching
fractions for n. — ¢¢ and n.(J/v) decays to 2(K+TK™)
and ¢KTK~ listed in Table Bl No signals have been
found for the decay Bt — f;(2220)K* with f;(2220) —
KTK~ K* K~ and an upper limit have been set (Ta-

ble B).
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Fig. 3. Projection of 2D ML fits to My, and AE for wK ™,
wrt, wK°® and wr® with the fit results displayed. The solid
curve shows the fit result with background components rep-
resented by the dashed curve. In (d) the small enhancement
in the background near —50 MeV is from misidentified BT —
WK™ decays

5 B —» wK /7 decays

B — wh, where h denotes K, 71, K°, and 7%, are impor-
tant examples of charmless hadronic B decays, which have
a history of controversial results [12|I3l[14,[I5]. Naive fac-
torization and QCD factorization approaches [12] yield
values of B(BT — wn) consistent with the experimental
results. However, these approaches predict B(BT — wn™)
to be a factor of two larger than B(Bt — wK ™), which is
not supported by the previous experimental results from
Belle.

Candidate w meson is reconstructed through 77~ 70.
Signal yields are obtained using M), and AE as indepen-
dent variables in an extended unbinned Maximum Like-
lihood (2D ML) after event shape cuts are applied to
suppress the continuum background. The total observed
yields from fits are N+ = 46. 1+§}1, Ny + = 42.1fé%1
and N, go = 11.1f‘2:i. Figure Bl shows projection of the
My, and AE distributions. The results from the fits are
shown in Table [4l.
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Table 4. Signal yields(Ns), efficiencies(e) including secondary
decay branching fractions, fitting significance(X'), branching
fractions(B), and the 90% confidence level upper limits (UL)
on the branching fractions for wK° and wx®

Mode N, (%) X B(x107%)(UL)
wK* 46119, 81 780 6.7713 £ 0.6
wrt 4217%0 87 6.00 57713 +£0.6
wK® 111152 33 320 4.0710 +£0.5(< 7.6)
wn? 025 5.2 - (< 1.9)

6 Summary

We have measured the branching fractions of B — ¢K ).
The updated measurement of the branching fration for
Bt — wK™ /7" confirm our previous measurement of the
large branching fractions for B* — wK*. We also make
the first observation of the decay B — ¢¢K, which give
the first measuremnt of b — s5s5s decays.
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