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1. Introduction

Charmless hadronic B decays are good probe to search for new physics beyond the Standard
Model (SM) because these decays are suppressed in the SM compared to other hadronic B decays.
Observation of any deviation from the SM background will provide a clear signal for new physics
beyond SM. Here we present the recent results of charmless hadronic BY and B® decays, namely,
B? — K°K0 and B® — N1 from the Belle experiment.

2. The decay B? — K°K°

The two body decays B? — h*h'~, where h") is either a pion or kaon, have now all been ob-
served [1]. On the other hand the decays B? — h°h°, where h° or h'® are neutral hadrons, are yet
to be observed. The predicted branching fraction for the decay B — KoKy is large [2]. According
to the SM, this decay is dominated by b — s penguin process as shown in Figure 1. SM based
calculation predicts the branching fraction for this decay to be in the range (16 —27) x 107 [3],
but beyond the SM, new particles (non-SM) may appear in the loop that can enhance the branching
fraction [4]. Studies also shows that CP asymmetries in the in BY — KoK decays is a promising
probe to search for new physics [5].

Figure 1: Feynman diagram for B — K°KO decay.

The previous 90% confidence level (C.L.) upper limit on the branching fraction of B — KoKy
was set at 6.6 x 107> by the Belle experiment using 23.6fb~! of data collected at the Y(55) res-
onance [6]. This updated analysis uses the full data set of 121.4fb~! collected at the Y(5S) reso-
nance, which corresponds to (6.53 +0.66) x 10° B(S)B_g pairs [7]. The tracking, K reconstruction

+

and continuum e e~ — qg (¢ = u,d, s, c) background suppression algorithms are also improved in

this analysis.

Candidate K” mesons are reconstructed from the decay Kg — " w~. The #* 7~ invariant mass
require to be within 12MeV /c? of the nominal Kg mass [1]. To suppress the large background ar-
sing from eTe™ — g7 (¢ = u,d,s,c) continuum background, we use a multivariate analyzer based

on a neural network. To discriminate the continuum background, the neural network uses event
Cnv—Ciy
CRN —Cw )

where Cy and Cyy* are the minimum and maximum values of the neural network output re-

shape variables. The output of the neural network is modified to a variable Cy, = In(

spectively. Signal B candidates are identified by two kinematic variables: the energy difference
AE = Eg — Epean and the beam constrained mass Mye = \/(Epeam)? — (P3)?, Where Epeay is the
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Figure 2: Projections of the 3D fit to the real data: (a) M. in —0.11GeV < AE < 0.02GeV and Cyy > 0.5;
(b) AE in 5.405GeV /c* < My, < 5.427GeV /c* and Cyy > 0.5; and (c) Cyy in 5.405GeV /c? < My, <
5.427GeV /c* and —0.11GeV < AE < 0.02GeV. The points with error bars are data, the (green) dashed
curves show the signal, (magenta) dotted curves show the continuum background, and (blue) solid curves
show the total.

beam energy and Eg(Pg) are energy and momentum of the reconstructed Bg meson candidates.

We perform a three dimensional (3D) unbinned maximum likelihood fit to the variables M.,
AE and Cy to extract the signal yield. We extract 29.0f§:g signal events and 1095.01’%%:2 contin-
uum background events. Projections of the 3D fit in the signal regions are shown in Figure 2. The

branching fraction of the decay B? — K°KO is measured to be [8]
B(B? — K°K) = (19.6+3% £ 1.042.0) x 107°,

where the first uncertainty is statistical, the second is systematic and the third reflects the uncer-
tainty due to the total number of BgB_(S’ pairs. The significance of this result is 5.10, thus, our
measurement constitutes the first observation of this decay. The result is in good agreement with
the SM predictions [3].

3. Evidence of the decay B — nn

The CP violation measurements using charmless hadronic decays of B” mesons are primarily
important for testing of SM and searching for physics beyond the SM. The B” — 11 decay mode
mainly proceeds via b — u Cabibbo-color suppressed tree diagram and b — d penguin diagram as
shown in Figure 3. The expected branching fraction of this decay mode is (0.3 —3.1) x 1076 esti-
mated based on QCD factorization [9], soft collider effective theory [10], SU(3) flavor symmetry
[11]and flavor U(3) symmetry [12].

This decay plays an important role to improve the flavor SU(3) based calculations of |S..; — S|
where f is n'K and ¢K and the Sy = sin2¢, is the CP— violating parameter measured in the time-
dependent analysis [13], and the S, is the CP— violation parameter measured in the CKM favored
b — cCs transitions, if penguin b — s transitions are dominant. The sin2¢, deviation bound may be
improved by the precise measurement of the branching fraction of this decay [14, 15].

Both Belle and BABAR experiments have studied this decay. The upper limit on the branching
fraction given by Belle experiment was B(B” — n1) < 2.0 x 107% at 90% C.L. which was based on
152 M BB pairs [16] and by BABAR experiment was B(B® — nn) < 1.0 x 107 at 90% C.L. based
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Figure 3: Feynman diagrams for B — nn decay.

on the 467 M BB pairs [17]. We update the previous Belle result using the full data set collected at
the Y(4S) resonance at the KEKB asymmetric energy e~ e™ collider. This data set corresponds to
753 x 10° BB pairs, which is a factor of five larger than the previous Belle study.

Candidate 11 mesons are reconstructed from the sub-decay modes: 1 — yy(1ny,) and n —
ntn~1%(N3z). For Nyy candidates selection, we require the invariant mass of 1,y in the range of
476 —579MeV / 2, which corresponds to £2.5¢ around the nominal 1 mass [18]. n° candidates
are reconstructed from two 7’s by requiring the 7y invariant mass to be within 117 — 155MeV /2,
which corresponds to 30 around the nominal 7Y mass [18]. Candidates N3z are reconstructed
by combining two selected oppositely charged pion candidates and a 7° candidate. To select 13,
candidates we require the invariant mass of 73, in the range of 527 — 568MeV /c? , which corre-
sponds to 4-3.00 around the nominal 7 mass [18]. For selection of B candidates, we define two
kinematic variables in the form of the energy difference AE = Ep — Ep.,, and the beam constrained

mass My, = \/ (Epeam)? — (Pg)?, where Ep,yy, is the beam energy and Ep(Pg) are energy and mo-
mentum of the reconstructed B meson candidates. We require the B meson candidates to satisfy
—0.3GeV < AE < 0.2GeV and My, > 5.25GeV /2.

To suppress the dominant eTe™ — ¢4 (¢ = u,d, s,c) continuum background we use the neural
Cnp—Cpiin
CRg"—Cns
—0.8 and Cyz" is the maximum value of the neural network output. This variable is also used to

network. We define modified neural network output variable Cy 5 = In( ), where Ciin =

extract signal events during the maximum likelihood (ML) analysis.
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Figure 4: Signal-enhanced projections of the simultaneous fit: The points with the error bars are the real
data, the black line is the total PDF, the red line show the signal, the green line is b — u,d,s and the blue
line is b — ¢ background.
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Table 1: Summary of the ML fit

sub-decay mode NyyNyy Nyy N3z M3zM3x
Yields
Signal 23.6" %, 9.2733 2.7°0%
Continuum 3860.5791 3779.7780  621.4777%
Charmed B (fixed) 5.9 5.9 2.2
rare B (fixed) 27.4 17.8 4.5
BY — nn° (fixed) 1.4 0.1 -

We perform a three-dimensional (3D) unbinned extended ML fit to the variable M;., AE and
Cyp- The results of the ML fit are summarized in Table 1. Fit projections are shown in Figure 4.
We measure the branching fraction to be

B(B® = nn) = (7.613714) x 1077,

where the first uncertainty is statistical and and the second is systematic. The significance of this
result is 3.30, which provides the first evidence for this decay.

4. Conclusions

Recent results of charmless B® and BY decays are presented using the full data set collected by
the Belle detector at Y(4S) and Y(5S) resonances. Our measurement of the branching fraction of
B —K 0K0 constitutes the first observation of the decay. For the decay B” — nn, the first evidence
for this decay is presented on this paper which is consistent with the SM prediction.
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