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Figure 1: The penguin and box diagrams for theb → t → (s,d) transition.

1. Introduction

Flavor changing neutral currents (FCNC) are forbidden at tree levelin the Standard Model
(SM) but are possible through loop-induced or higher order diagram. Figure 1 shows the penguin
diagrams for theb → t → (s,d) transition. Contributions from new physics (NP) [1] containing a
charged Higgs boson or SUSY particles may arise in these electroweak loopprocesses. Therefore
these transitions are sensitive to NP beyond the SM and provide a good opportunity to look for
NP effects. In the effective Hamiltonian, Wilson coefficient is the strength of corresponding short
distance operator. The effective Wilson coefficientsC7, C9, andC10 describe the amplitudes of the
electromagnetic penguin, the vector electroweak, and the axial vector electroweak contributions,
respectively [2]. These amplitudes may interfere with the contributions fromnon-SM particles [3].
Especially various measurement results of theb to sℓ+ℓ− decays such as the differential branching
fraction (B.F.) and lepton forward-backward asymmetry (AFB) as a function ofq2 = M2

ℓℓc
2 provide

information on the Wilson coefficients associated with certain theoretical models[4]. In this paper,
we present recent Belle results on various penguin decays.

2. KEKB and Belle experiment

All of these studies are based on 605 fb−1 data sample which contains 657 millionB meson
pairs collected at theϒ(4S) resonance with the Belle detector [5] at the KEKB accelerator. The
KEKB is an energy asymmetrice+e− (3.5 on 8 GeV) collider [6] operating at the energy ofϒ(4S)

(
√

s = 10.58 GeV). The beams collide at a single interaction point (IP) with a crossing angle of±11
mrad. The mass of theϒ(4S) is just above the threshold ofBB production and theϒ(4S) decays
exclusively toB0B0 or B+B−.

The Belle detector is a large-solid-angle magnetic spectrometer consisting of a5-layer silicon
vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of silica Aerogel thresh-
old Čherenkov Counters (ACC), Time-of-Flight scintillation counters (ToF),and a CsI(TI) crystal
electromagnetic calorimeter (ECL). These detectors are located inside a superconducting solenoid
coil that provides a 1.5 T magnetic field. The SVD and CDC are used for vertexing/tracking and
identification of charged particles. The ACC and ToF are used for charged particle identification.
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The ECL measures the energy of electromagnetic particles and is also used for electron identifi-
cation. An iron flux-return located outside of the coil is instrumented to detectK0

L mesons and to
identify muons.

To suppress large continuum background frome+e− → qq events (q = u,d,s,c), we use a
selection criteria making use of the difference in the event topology betweenB decays and contin-
uum events.B meson candidates are identified using the kinematic variables, the beam-energy

constrained massMbc =
√

E2
beam − p2

B and the difference between beam energy andB meson
∆E = EB − Ebeam, where pB and EB are the momentum and the energy ofB candidates in the
center-of-mass frame, andEbeam is the beam energy.

3. b to s ℓ+ℓ−

3.1 Exclusive B → K(∗) ℓ+ℓ− study

The signal events are reconstructed in 10 final statesK+π−, K0
S π+, K+π0, K+, andK0

S for
K(∗), combined with either electron or muon pairs. The particle selection criteria aredescribed in
detail elsewhere [2]. AK(∗) candidate and a pair of oppositely charged leptons are combined to re-
constructB meson candidates. The main backgrounds are continuume+e− → qq and semileptonic
B events. These backgrounds are suppressed by exploiting the differences between the signal and
background. The dominant peaking backgrounds,B → J/ψ andψ ′

X decays, are rejected explic-
itly in some ofq2 regions. The measured differential B.F. as a function ofq2 in B → K(∗)ℓ+ℓ− are
shown in Fig. 2 (a) and (b). The solid curves are the SM theoretical predictions with the minimum
and maximum allowed form factors [7]. The two shaded regions are veto windows to reject the
peaking backgrounds. The results are consistent with the SM prediction.The ratios of B.F. for the
muon mode to the electron mode are calculated. The lepton flavor ratios,RK andRK∗, are sensitive
to Higgs emission and the size of photon pole, respectively. TheRK andRK∗ are predicted to be
1.0 and 0.75 in the SM. The results are measured to beRK = 1.03± 0.19± 0.06 andRK∗ = 0.83
± 0.17± 0.05. They are consistent with the SM prediction. Angular variables are also sensitive
to NP, and give information on the Wilson coefficients. TheK∗ longitudinal polarization fraction
(FL) andAFB are extracted from fits to cosθK∗ and cosθBl, respectively. Figure 2 (c) and (d) show
the FL andAFB as a function ofq2. In this figure, the solid curve is for SM prediction, and the
dotted curve is for the opposite-signC7 model. TheFL is consistent with the SM, but theAFB tends
to be higher than the SM prediction. Isospin asymmetry (AI) is also measured as shown in Fig. 2
(e). The closed circle is forK∗ℓℓ and the open circle is forKℓℓ. As a result, there is no significant
difference inAI.

3.2 Inclusive B → Xs ℓ+ℓ− study

For inclusiveB → Xs ℓ+ℓ− analysis with a semi-inclusive reconstruction technique, 36 ex-
clusive decay modes are summed up. TheXs hadronic system is reconstructed from oneK± or
K0

S and up to four pions, where at most one pion can be neutral. Possible 18 hadronic topolo-
gies are: K±, K±π0, K±π∓, K±π∓π0, K±π∓π±, K±π∓π±π0, K±π∓π±π∓, K±π∓π±π∓π0,
K±π∓π±π∓π±, K0

S , K0
S π0, K0

S π±, K0
S π±π0, K0

S π±π∓, K0
S π±π∓π0, K0

S π±π∓π∓, K0
S π±π∓π∓π0,

andK0
S π±π∓π∓π±. According to the signal Monte Carlo simulation, the fraction of theXs decay
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Figure 2: Differential branching fractions for the (a)K∗ℓ+ℓ− and (b)Kℓ+ℓ− modes as a function ofq2.
(c) and (d) show the fit results forFL andAFB in K∗ℓ+ℓ− as a function ofq2 with the solid (dotted) curve
representing the SM (C7 =−CSM

7 ) prediction [7]. (e) is theAI asymmetry as a function ofq2 for theK∗ℓ+ℓ−

(closed circle) andKℓ+ℓ− (open circle) modes.

states covered by this semi-inclusive method is approximately 60%. If the fraction of the states
containing aK0

L is taken to be equal to that containing aK0
S , the coverage is about 80%.

The largest background source is random combinations from semileptonicB decays. Each lep-
ton to form the dilepton pair inXsℓ

+ℓ− is picked up from decay products of differentBs, whereB
decays into semileptonic state via theb → c → s,d decay chain. This background has a significant
amount of missing energy due to the neutrinos from the semileptonic decays. Another combina-
torial background, which comes from continuumqq (q = u,d,s,c) background is also studied and
rejected.

The inclusive B.F. is obtained by fitting theMbc distribution as shown in Fig. 3. In the Fig. 3,
points with cross bar and red solid curve mean data and fit result, respectively. Black is signal
component, yellow, green and blue are for backgrounds. Left plot is drawn and fitted when theXs

mass is under 2.0 GeV/c2 and for the right one, lower bound as like 1.0 GeV/c2 for Xs mass is added.
Obtained significances are 10σ and 3σ , respectively. The obtained B.F. is(3.33±0.80+0.19

−0.24)×10−6

for all theXs mass region with the above 0.2 GeV/c2 in dilepton mass. This is consistent with the
next and next leading order (NNLO) calculation in the SM.

4. b to d ℓ+ℓ−

Events for the decaysB+ → π+ℓ+ℓ− andB0 → π0ℓ+ℓ−, whereℓ+ℓ− is either aµ+µ− or e+e−

pair searched [8]. Signal events are reconstructed from a chargedor a neutral pion candidate and
a pair of oppositely charged electrons or muons. There is no significant signal and the obtained
upper limit on the isospin-averaged B.F. at the 90% confidence level is < 6.2×10−8. This is two
times larger than the SM expectation.
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Figure 3: The Mbc distribution fit result of the 605 fb−1 data sample (Left:MXs < 2.0 GeV/c2, Right: 1.0
GeV/c2 < MXs < 2.0 GeV/c2). Background, peaking background, and self cross feed components are shown
in yellow, green, and blue areas, respectively. Signal component is shown in black line.

5. Summary

We present the study results of exclusive and inclusiveb to s,d semileptonic decays. Branching
fraction, lepton flavor ratioRK∗, FL, andAI for exclusiveB → K∗l+l− are consistent with SM
prediction, butAFB measurement needs more statistics. Obtained branching fraction of inclusive
B → Xsℓ

+ℓ− is also consistent NNLO prediction in SM. The upper limit on the isospin-averaged
branching fraction of exclusiveB → πℓ+ℓ− is about twice the SM expectation. For this study, we
need significantly more statistics and particle identification detector with better performance.
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