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Abstract: Based on the CLEO II and II.5 data sets CLEO has observed several new

rare and hadronic B decays and also updated the b→sγ measurement.

Rare and hadronic B meson decays provide an excellent experimental field to test the

Standard Model of particle physics. While effects like CP-violation have been observed in

hadronic B decays B→J/ΨK0s , the extraction of CKM-matrix elements and phases might
still prove difficult since many decay channels have to be measured and effects like final

state interactions, re-scattering and interference between dominant and suppressed decay

amplitudes have to be understood [1, 2]. This makes it necessary to study extensively all

rare and hadronic B decays to gain full understanding of the dynamics in B decays.

The results presented here are based on the CLEO II and II.5 data sets. The CLEO

detector is located at the CESR e+e− collider in Ithaca, NY. An integrated luminosity of
9.1 fb−1 was collected on the Υ(4S) resonance and 4.3 fb−1 ∼60 MeV below the resonance
to study the continuum background from e+e− → qq̄. The kinematics of the Υ(4S) decay,
in which two B mesons with equal masses are produced, allow us to define two sensitive

variables: the Beam-constrained mass MB =
√
E2
beam

− P2B and the Energy difference
∆E = EB − Ebeam, where EB and PB are the measured energy and momentum of the B
candidate and Ebeam is the beam energy.

1. b→sγ
Many of the rare B decay modes can be enhanced by non-Standard Model contributions.

The most prominent example might be b→sγ. This flavor changing neutral current does
not occur as a first-order Standard Model process but is allowed via penguin diagrams.

Non-Standard Model decays, where the W− in the penguin loop is replaced by a charged
Higgs or Chargino, would alter the branching fraction.

The b→sγ measurement presented here has increased statistical significance and up-
dates a previous CLEO result [3]. The model-dependence of the analysis has also been

reduced by extending the signal window from Eγ=2.2-2.7 GeV to 2.0-2.7 GeV.
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1.1 Extraction of the b→sγ signal
Even considering the inclusive sample, b→sγ is a rare decay. π0 or η mesons produce a
large background of real photons in addition to events with ISR. Fig. 1-(a) demonstrates

the signal and background levels on a logarithmic scale. The dominant background comes

from continuum events. BB events contribute with a much softer photon spectrum.

Continuum ISR events are excluded by a cut on the polar angle | cos ϑγ | < 0.7. Photons
are vetoed if they can be combined with other photons to form a π0 or η. Continuum

background is further suppressed by collecting event information that can separate the

continuum from BB, using event shape variables and pseudo-reconstruction of hadronic

B decays. In the first pseudo-reconstruction method, B candidates are formed from the

photon candidate and additional kaon and pion tracks. The second method uses identified

leptons to tag semi-leptonic decays of the companion B. Both methods allow us to measure

the flavor of the B, which will be used in the CP-asymmetry measurement.

All the candidate’s quantities are combined into one variable using a neural net. The

neural net output is used as a weight, which peaks at +1 for b→sγ events. The weighted
energy spectra for on- and off-resonance data (scaled to luminosity) are subtracted. The

weighting increases the statistical significance of the on-resonance signal. The BB back-

ground is subtracted in two steps. First we subtract the measured spectra of photons

from π0 and η decay. The remaining background has contributions from B decays with

successive electro-magnetic decays like radiative J/Ψ or ω decays. Only the tail of the

photon energy spectrum reaches the signal region. The remaining background is estimated

with a detailed Monte Carlo simulation and is also subtracted. The photon energy spec-

trum after subtraction is shown in Fig. 1-b. A signal peak is prominent at Eγ ≈ 1/2 MB.
The sidebands of the peak are consistent with zero. The preliminary branching fraction

is B(b→sγ)=(3.03±0.40±0.26) ×10−4 and differs slightly from our final result [4]. Both
results are consistent with Standard Model calculations [5, 6].

The Eγ spectrum is fitted using a parameterization of the spectator model [7] with the

b-quark mass and the fermi momentum of the b as free parameters. The fit results are

also shown in Fig. 1-b. The calculation of these parameters can be utilized to reduce the

uncertainty of Vcb and Vub measurements in semi-leptonic B decays [8].

The CP-asymmetry in b→sγ is defined as ACP = (Γ(Nb)− Γ(Nb̄))/(Γ(Nb) + Γ(Nb̄)).
We find no significant asymmetry: ACP=(−0.079 ± 0.108 ± 0.022)(1.0 ± 0.030) [9]. The
first error is statistical, the second is the additive systematic error, and the multiplicative

systematic error comes from the systematic uncertainties on the tagging efficiency and

background subtraction. We also derive 90% C.L. limits on ACP: −0.27 < ACP < +0.10.

2. Searches for B→K(∗)`+`− and B+→D∗+K0s
We searched for B→K(∗)`+`−, where ` is either an electron or a muon. In decays with
a K∗ we impose a cut on the `+`− invariant mass of m`+`− > 0.5 GeV to remove the
contributions from the virtual photon pole. We derive upper limits of B(B →K `+`−) <
1.7 ×10−6, B(B →K∗(892)`+`−m``>0.5GeV ) < 3.3 ×10−6[10]. We obtain a combined limit of
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Figure 1: (a) Signal and background levels for b→sγ. (b) Photon energy spectrum after
background subtraction; a clear signal peak is observed at about half the B mass. The spectator

model fit is shown as the histogram.

B(B →K(∗)`+`−) < 1.5 ×10−6 at 90% C.L., which is only 50% higher than the Standard
Model prediction [11].

CLEO has also searched for the decay B+→D∗+K0s [12]. This decay proceeds through
an annihilation diagram that is proportional to Vub. We observe zero candidates while

expecting 0.29 ± 0.05 background events and derive an upper limit of B(B+→D∗+K0s ) <
9.5 ×10−5 at 90% C.L.

3. Factorization tests in B→D(∗) 4π

In a recent publication [13] CLEO has studied the decay B→D(∗)π−π−π+π0. The four-
pion mass spectrum can be compared to the spectrum in tau decays τ− → π−π−π+π0ν.
A study by Ligeti, Luke and Wise [14] demonstrated good agreement between B and tau

decay data over the accessible mass range of 0.6–1.7 GeV. Their comparison tested the

factorization hypothesis as a function of the four-pion mass. The validity of this test might

be limited because of additional contributions1 to B→ D∗(4π)−, that are not possible
in tau decays. These additional contributions can be measured in a related decay mode

B
0→D∗0π+π+π−π−. This mode is suppressed since the net charge of the pions is zero and
the pions cannot come from the W− decay alone. CLEO has observed this decay for the
first time with a branching fraction of B(B0→D∗0π+π+π−π−)=(0.30±0.07±0.06)%[15]. In
the four-pion mass range 0.6–1.7 GeV, the B

0→D∗0π+π+π−π− contribution is consistent
with zero. This supports the validity of the factorization test by Ligeti et al.

1E.g. B→ (4π)− decays in which not all pions come from the virtual W−.
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4. Color-suppressed decays B
0→D(∗)0π0

The decay B
0→D(∗)0π0 proceeds predominantly through the internal spectator diagram.

This decay mode is color-suppressed, since the color of the quark-pair originating from the

W decay must match the color of the other quark pair. The observation of B
0→D(∗)0π0

completes the measurement of D(∗)π final states and allows us to extract the strong phase
difference between isospin 1/2 and 3/2 amplitudes [1, 16].

B mesons are reconstructed by selecting high-momentum D(∗)0 and π0 mesons. The
kinematic resolution of π0 and D(∗)0 candidates is improved by mass-constrained kinematic
fits. We accept B candidates with MB above 5.24 GeV and |∆E| < 300 MeV. For each
candidate we calculate the sphericity vectors of the B daughter particles and of the rest of

the event. We require the cosine of the angle between these two vectors to be within -0.8

and 0.8.

The signal yield is obtained from an unbinned, extended maximum likelihood fit. The

free parameters of the fit are the number of signal events, background from B decays,

and from continuum e+e− annihilation. Four variables are used as input to the maximum
likelihood fit: the beam-constrained mass MB, the energy difference ∆E, the Fisher Dis-

criminant FD, which is a combination of event shape variables, and the cosine of the decay
angle of the B cos θBHel., defined as the angle between the D

(∗) momentum and the B flight
direction calculated in the B rest frame. The likelihood of the B candidate is the sum of

probabilities for the signal and two background hypotheses with relative weights maximiz-

ing the likelihood. Monte Carlo experiments are performed to test the fitting procedure

and to obtain the relation between fit yield and signal branching fractions.

We observe both B
0→D(∗)0π0 decay modes with preliminary branching fractions:

B(B0→D0π0) = (2.6 ± 0.3± 0.6)×10−4 and B(B0→D∗0π0) = (2.0 ± 0.5 ± 0.7)×10−4, which
differ slightly from our final results [17]. Fig. 2 demonstrates the significance of our re-

sults which is above 4 sigma for each decay mode. Our measurements allow us to cal-

culate the strong phase difference between isospin 1/2 and 3/2 amplitudes. We obtain

cos δI,D=0.90±0.09 and cos δI,D∗=0.91±0.08, for Dπ and D∗π, respectively. We quote the
cosine of the angle because the errors on the cosine are gaussian to a good approximation.

The error distribution of the angle δI is highly asymmetric and non-gaussian. A detailed

discussion can be found in a publication by Neubert and Petrov [18] which is based on our

preliminary results and preliminary results obtained by the BELLE Collaboration [19].
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Figure 2: Fit input variable distributions. Left side B
0→D0π0, right side B0→D∗0π0. The

results of the unbinned, extended maximum likelihood fit are shown as the full line. The dotted

line represents the fitted continuum and the dashed line is the fit result for the sum of BB and

continuum background. To enhance the signal for display purposes, the fit results are projected

into the MB-∆E signal region −0.05 < ∆E < 0.05 GeV, 5.275 < MB < 5.285 GeV.
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