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We present branching fraction and CP asymmetry results for a variety of B decays based on up to 56.4 fb−1

collected by the BABAR experiment running near the Υ (4S) resonance at the PEP-II e+e− B-factory.

1. The BABAR Detector

The results presented in this paper are based
on an integrated luminosity of up to 56.4 fb−1

collected at the Υ (4S) resonance with the BABAR

detector [1] at the PEP-II asymmetric e+e− col-
lider at the Stanford Linear Accelerator Center.
Charged particle track parameters are measured
by a five-layer double-sided silicon vertex tracker
and a 40-layer drift chamber located in a 1.5-T
magnetic field. Charged particle identification is
achieved with an internally reflecting ring imag-
ing Cherenkov detector (DIRC) and from the av-
erage dE/dx energy loss measured in the track-
ing devices. Photons and π0s are detected with
an electromagnetic calorimeter (EMC) consisting
of 6580 CsI(Tl) crystals. An instrumented flux
return (IFR), containing multiple layers of re-
sistive plate chambers, provides muon and long-
lived hadron identification.

2. B Decay Reconstruction

The B meson candidates are identified kine-
matically using two independent variables. The
first is ∆E = E∗−E∗

beam, which is peaked at zero
for signal events, since the energy of the B candi-
date in the Υ (4S) rest frame, E∗, must be equal
to the energy of the beam, E∗

beam, by energy con-
servation. The second is the beam-energy substi-
tuted mass, mES =

√
(E∗2

beam − p∗2
B ), where p∗

B

is the momentum of the B meson in the Υ (4S)
rest frame, and must be close to the nominal B
mass [5]. The resolution of mES is dominated
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by the beam energy spread and is approximately
2.5 MeV/c2.

Several of the B modes presented here have
decays that involve neutral pions (π0) and K0

S

particles. Neutral pion candidates are formed by
combining pairs of photons in the EMC, with re-
quirements made to the energies of the photons
and the mass and energy of the π0. Table 1 shows
these requirements for various decay modes, as
well as the selection requirements for K0

S candi-
dates, which are made by combining oppositely
charged pions.

Significant backgrounds from light quark-
antiquark continuum events are suppressed using
various event shape variables which exploit the
difference in the event topologies in the centre-
of-mass frame between background events, which
have a di-jet structure, and signal events, which
tend to be rather spherical. One example is the
cosine of the angle θ∗T between the thrust axis of
the signal B candidate and the thrust axis of the
rest of the tracks and neutrals in the event. This
variable is strongly peaked at unity for continuum
backgrounds and is flat for signal.

Further suppression of backgrounds can be
achieved using a Fisher discriminant F , which is a
linear combination of event shape variables, such
as the scalar sum of the centre-of-mass momenta
of all charged tracks and neutrals, excluding the
B decay products, flowing into nine concentric
cones centred on the thrust axis of the B candi-
date. Signal events have a lower Fisher discrim-
inant value compared to background events, as
shown in Fig. 1.

Sidebands in on-resonance (Υ (4S)) data are
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Table 1
Selection requirements for π0 and K0

S candidates for various B decay modes (h = K/π). Eγ is the
minimum photon energy and mπ0 and Eπ0 the mass and energy, respectively, of π0 candidates. The
mass of the K0

S is mK0
S
, the opening angle between the K0

S momentum and its line-of-flight is φK0
S
, the

transverse flight distance of the K0
S from the primary event vertex is dK0

S
and τ/σK0

S
is the K0

S lifetime
divided by its error.

Mode Eγ (MeV) mπ0 ( MeV/c2) Eπ0 (MeV) mK0
S

(MeV/c2) φK0
S

(mrad) dK0
S

(mm) τ/σK0
S

B → DK > 70 [124, 144] > 200 — — — —

B → D(∗)D(∗) > 30 [115, 155] > 200 [473, 523] < 200 > 2 —
B → hπ0 > 30 [111, 159] — — — — —
B → hK0 — — — [487, 509] — — > 5

B → φK(∗) — — — [487, 510] < 100 — > 3
B → ηh > 50 [120, 150] — — — — —
B → ηK0 > 50 [115, 155] — [491, 507] < 40 > 2 —

B → η′K(∗)0 — — — [488, 508] — — —
B → K∗γ > 30 [115, 150] > 200 [489, 507] — — —

B → K(∗)�+�− — — — [480, 498] — > 1 —

Fisher Discriminant
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Figure 1. The Fisher distribution for B0 → π+π−

signal Monte Carlo simulated events (left his-
togram) compared to data B− → D0π− de-
cays (black points), and continuum background
Monte Carlo (right histogram) compared to on-
resonance sideband data (open points).

used to characterise the light quark background in
∆E andmES, as well as data taken at 40 MeV be-
low the Υ (4S) resonance (“off-resonance”). The

phenomenologically motivated Argus function [2]
is used to fit the background mES distributions.
Control samples are used to compare the perfor-
mance between Monte Carlo simulated events and
on-resonance data.

The results presented here are from either ex-
tended maximum likelihood fits or from cut-and-
count methods. All of the analyses have been
performed “blind”, meaning that the signal re-
gion is looked at only after the selection criteria
have been finalised (in order to reduce the risk of
bias).

Charge conjugate modes are implied through-
out this paper.

3. B → DK

The decays B− → D0K− and B± → D0
±K

±,
where D0± denotes the CP -even (+) or CP -odd
states (−) (D0 ± D̄0)/

√
2, can be used to mea-

sure in a theoretically clean way the Cabibbo-
Kobayashi-Maskawa (CKM) angle γ, one of the
parameters that describes CP Violation in the
Standard Model [3] [4]. Figure 2 shows a graphi-
cal representation of the relation between the am-
plitudes of the decays and the angle γ.

This measurement is experimentally challeng-
ing because the branching fractions of these de-
cays are of the order of 10−7. However, in the
meantime we can measure the ratio between the



3

2γ

D  K  )0 --A(B

-

=D  K  )0 +A(B+

D  K  )0 -A(B-

2 A(B D  K  )+
0 ++

D  K  )0 +A(B+ 2 A(B D  K  )+
0 -

Figure 2. Relation between the amplitudes for
the processes B → DK and the angle γ.

branching fractions for B− → D0K− and B− →
D0π−, where the final states for the D0 meson
are K−π+, K−π+π−π+ and K−π+π0. The in-
variant masses of D0 → K−π+,K−π+π−π+ can-
didates are required to be within 20.4 MeV/c2

(3 σ) of the nominal value [5]. Since the mode
D0 → K−π+π0 has more combinatorial back-
ground compared to the other decays, the invari-
ant mass is required to be within two standard
deviations (2 × 11 MeV/c2).

Three event shape variables are used to sup-
press light-quark continuum background events.
The first is the normalised Fox-Wolfram moment
H2/H0 [6], which is required to be less than 0.5
for all selected events. The second variable is θ∗T ,
mentioned in section 2. The value of |cosθ∗T | is
required to be less than 0.9 for the D0 → K+π−

mode and less than 0.7 for D0 → K−π+π−π+

and D0 → K−π+π0. Thirdly, we use the helic-
ity angle θhel, defined as the angle between the
direction of the D0 candidate calculated in the
rest frame of the B and the direction of one of
the decay products of the D0, calculated in the
rest frame of the D0. The distribution of cosθhel

is flat for signal and peaked at ±1 for fake D0

events. For continuum events, |cosθ∗T | and cosθhel

are correlated, and we use

|cosθhel| < 0.9; 0.0 ≤ |cosθ∗T | < 0.7
|cosθhel| < −3|cosθ∗T | + 3; 0.7 ≤ |cosθ∗T | ≤ 1.0.

(1)

The yields for the signal modes are found by
using an unbinned extended maximum likelihood

fit to the ∆E and mES variables, together with
the Cherenkov angles (θC) of the prompt tracks
measured by the DIRC (to distinguish kaons from
pions). We obtain

R =
B(B− → D0K−)
B(B− → D0π−)

= (8.31 ± 0.35 ± 0.13)%, (2)

where the first error is statistical and the sec-
ond error is systematic. This quantity has also
been measured by the CLEO and BELLE Col-
laborations, where they get R = (5.5 ± 1.4 ±
0.5)% [7] and R = (7.9 ± 0.9 ± 0.6)% [8], re-
spectively. Theory predicts, using factorisation
and tree-level Feynman diagrams only, a value
R ≈ tan2θC(fK/fπ)2 ≈ 7.4%, where θC is the
Cabibbo angle, and fK and fπ are the meson
decay constants. For the CP -even mode D0

+ →
K+K− we have measured

RCP =
B(B− → D0

+K
−) + B(B+ → D0

+K
+)

B(B− → D0
+π

−) + B(B+ → D0
+π

+)
= (8.4 ± 2.0 ± 0.8)%, (3)

and the direct CP asymmetry

ACP =
B(B− → D0

+K
−) − B(B+ → D0

+K
+)

B(B− → D0
+K

−) + B(B+ → D0
+K

+)

= 0.15 ± 0.24+0.07
−0.08. (4)

4. B → D(∗)D(∗)

Time-dependent CP violating asymmetries in
the decays B → D(∗)D(∗) can be used to measure
the CKM angle β [9], in a way complimentary to
measurements already made with decays such as
B0 → J/ψK0

S
[10]. However, the vector-vector

decay of B0 → D∗+D∗− is not a pure CP eigen-
state, which may cause a sizeable dilution to the
CP violation that can be observed. In principle, a
full time-dependent angular analysis can remove
this dilution [11].

We reconstruct exclusively the decays B0 →
D∗+D∗− and B0 → D∗±D∓, where D∗± →
D0π± or D±π0. The final states we consider
for the neutral D mesons are K−π+, K−π+π0,
K−π+π−π+ and K0

S
π+π−, while we consider the

D+ final states K−π+π+, K0
S
π+ and K−K+π+.
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B0 candidates are reconstructed by performing
a mass-constrained fit to the D and D∗ candi-
dates. In the case when more than one B candi-
date is found for an event, we chose the B candi-
date in which the D and D∗ mesons have invari-
ant masses closest to their nominal values [5].

Signal events are required to satisfy |∆E| <
25 MeV and 5.273 < mES < 5.285 GeV/c2.

Using a sample of 22.7 million BB pairs, we
obtain the following branching fractions

B(B0 → D∗+D∗−) = (8.0 ± 1.6 ± 1.2)× 10−4,(5)

B(B0 → D∗±D∓) = (6.7+2.0
−1.7 ± 1.1) × 10−4. (6)

The fraction of the CP -odd component Rt of
B0 → D∗+D∗− decays can be found by using the
angular distribution of the decay in the transver-
sity basis [11]

1
Γ

dΓ
dcosθtr

=
3
4
(1 −Rt)sin2θtr +

3
2
Rtcos2θtr, (7)

where Γ is the decay rate and θtr is the polar angle
between the normal to the D∗− decay plane and
the π+ line of flight in the D∗+ rest frame. Using
an unbinned extended maximum likelihood fit, we
find

Rt = 0.22 ± 0.18 ± 0.03. (8)

5. Two-body Charmless B Decays

Measurements of the branching fractions and
CP asymmetries for B decays into two-body
charmless final states will give us important in-
formation about the CKM angles α and γ [12].
The time-dependent CP -violating asymmetry in
the decay B0 → π−π+ is related to the angle
α. If the decay proceeds only through tree di-
agrams, then the asymmetry is directly related
to α. However, we can only measure an effec-
tive angle, αeff , if there is pollution from gluonic
penguins. In principle, α can be extracted by
using the isospin-related decays B+ → π+π0 and
B0 → π0π0 [13]. It is also possible to get a bound
on the value of α [14] via

sin2(αeff − α) <

〈B(B0 → π0π0)
〉

CP

B(B+ → π+π0)
, (9)

where
〈B(B0 → π0π0)

〉
CP

= 1
2 [B(B0 → π0π0)+

B(B̄0 → π0π0)]. The angle γ can be constrained
by using ratios of branching fractions for various
ππ and Kπ decays [15].

Here, we consider only decays involving at least
one neutral particle in the final state (see [16] for
results on B0 → h+h− decays, where h = π or
K).
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Figure 3. Distribution of mES for B+ → π+π0

events in on-resonance data. The solid curve rep-
resents the projection of the maximum likelihood
fit result, while the dotted curve represents the
background contribution.

Backgrounds from non-hadronic events are re-
duced by requiring H2/H0 [6] to be less than 0.95
and the sphericity [17] of the event to be greater
than 0.01. Light-quark continuum events are sup-
pressed by using two other event shape variables.
The first is the angle θ∗S in the centre-of-mass
frame between the sphericity axis of the B candi-
date and of the remaining tracks and neutrals in
the event. The distribution of |cosθ∗S | is peaked
near unity for background and is approximately
uniform for signal events. We require |cosθS| to
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be less than 0.9 for hK0
S
, 0.8 for hπ0 and 0.7 for

π0π0.
The second variable is the Fisher discriminant

F mentioned in section 2.
The branching fractions and charge asymme-

tries shown in Table 2 are obtained from an un-
binned extended maximum likelihood fit using F ,
θC , mES and ∆E. Figure 3 shows the mES dis-
tribution for B+ → π+π0 decays, in which we
observe a signal for the first time.

Table 2
Two-body charmless B decay branching frac-
tions (B) and CP asymmetries (ACP ) based on
56.4 fb−1. Upper limits are given at the 90%
confidence level.

Mode B (10−6) ACP

π+π0 4.1+1.1+0.8
−1.0−0.7 −0.02+0.27

−0.26 ± 0.10

K+π0 11.1+1.3
−1.2 ± 1.0 0.00 ± 0.11 ± 0.02

π+K0 17.5+1.8
−1.7 ± 1.8 −0.17 ± 0.10 ± 0.02

K+K0 < 1.4(−0.6+0.6
−0.7 ± 0.3) —

π0π0 < 3.4(−0.9+0.9+0.8
−0.7−0.6) —

6. Three-body Charmless Charged B
Decays

The decays B+ → h+h−h+, where h = π or K,
can be used to measure the angle γ [18]. The ba-
sic idea is that there can be interference between
resonant and non-resonant amplitudes leading to
direct CP violation. A Dalitz plot analysis can,
in principle, give us information about all of the
strong and weak phases in these decays. A first
step towards this goal is to measure the branch-
ing fractions into the whole Dalitz plot. We can
write these as

B =
1

NBB

∑

i

Si

εi
, (10)

where NBB is the total number of BB pairs in
the data sample, Si is the net signal (after back-
ground subtraction) in cell i of the Dalitz plot
and εi is the signal efficiency in that cell found
from Monte Carlo simulation. No assumptions
are made about intermediate resonances.

B candidates are formed by combining three
charged tracks. We use dE/dx information from
the tracking devices and the Cherenkov angle and
number of photons measured by the DIRC for
tracks with momenta above 700 MeV/c, to iden-
tify charged pions and kaons. Electron candidates
are vetoed by requiring that they fail a selection
based on information from dE/dx, shower shapes
in the EMC and the ratio of the shower energy
and track momentum. We remove B candidates
when the combination of any two of its (oppo-
sitely charged) daughter tracks is within 3 σ of
the mass of the D0, J/ψ or ψ(2S) mesons. Here,
σ is 10.0 MeV/c2 for D0 and 15.0 MeV/c2 for J/ψ
and ψ(2S).

Continuum backgrounds are suppressed by re-
quiring selections on |cosθ∗T | and on the Fisher
discriminant mentioned in section 2. Compar-
isons between Monte Carlo simulated events and
on-resonance data are made using the control
sample B− → D0(→ K−π+)π−, which has a sim-
ilar decay topology as the charmless signal modes.

The signal region is defined as |mES −mB| <
8.0 MeV/c2 and |∆E−〈∆E〉 | < 60.0 MeV, where
〈∆E〉 is 7.0 MeV (obtained from the D0π− con-
trol sample) and mB is the nominal mass of the
charged B meson [5].

Table 3 shows the results for 51.5 fb−1, where
we have also included the results from the BELLE
Collaboration [19] for comparison. Figure 4 shows
preliminary unbinned Dalitz plots for B+ →
K+π−π+ and B+ → K+K−K+ in on-resonance
data (with no background subtraction or effi-
ciency corrections applied). As a cross-check, we
measure (180 ± 4 ± 11) × 10−6 for the branch-
ing fraction for the B− → D0π− control sample,
which agrees with the previously measured value
of (203 ± 20) × 10−6 [5].

7. B → φK(∗), φπ

These modes are interesting because only pen-
guin diagrams contribute to the decay amplitudes
(mainly b → ss̄s), and the time-dependent CP
asymmetry for the neutral mode B0 → φK0

S

can be used to measure sin2β. Comparison with
sin2β results from charmonium modes will allow
us to probe new physics participating in pen-
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Figure 4. Unbinned Dalitz plots (with no back-
ground subtraction or efficiency corrections) for
B+ → K+π−π+ events in on-resonance sideband
(top left) and signal (top right) data, and for
B+ → K+K−K+ events in on-resonance side-
band (bottom left) and signal (bottom right)
data. Open charm contributions are not removed.

Table 3
Three-body charmless chargedB decay branching
fractions (×10−6) from BABAR (51.5 fb−1) and
BELLE (29.1 fb−1).

Mode BABAR BELLE
π+π−π+ 8.5 ± 4.0 ± 3.6(< 15) —
K+π−π+ 59.2 ± 4.7 ± 4.9 55.6 ± 5.8 ± 7.7
K+K−π+ 2.1 ± 2.9 ± 2.0(< 7) < 21
K+K−K+ 34.7 ± 2.0 ± 1.8 35.3 ± 3.7 ± 4.5

guin loops [9]. Isospin symmetry predicts that

B(B± → φK±) ≈ B(B0 → φK0), and there
are theoretical estimates for the various branch-
ing fractions based on factorisation models and
perturbative QCD [20].
B mesons are reconstructed by combining φ→

K+K− candidates with either a K∗ candidate or
a bachelor charged track. We consider the de-
cays K∗+ → K0π+ (with K0

S → π+π−), K∗+ →
K+π0 and K∗0 → K+π−.

Continuum backgrounds are suppressed by us-
ing a Fisher discriminant and requiring that
|cosθ∗T | < 0.9.

Table 4 shows the branching fractions for the
modes obtained from an extended unbinned max-
imum likelihood fit using mES, ∆E, θC , the mass
of the φ resonance, the Fisher discriminant and
the cosine of the helicity angle. Also shown in
Table 4 are the results from the BELLE [21] and
CLEO [22] collaborations.

8. Charmless B decays with η and η′

mesons

These rare decays proceed via b → u tree and
b → s penguin Feynman diagrams. Interference
between the various amplitudes can give rise to
direct CP violation and the time-dependent CP
asymmetries for the neutral modes are sensitive
to the value of sin2β. The CLEO collaboration
has observed unexpectedly high branching frac-
tions for B → ηK∗ and B → η′K [23], lead-
ing some theorists to speculate on exotic pro-
cesses such as QCD anomalies and penguins with
an enhanced charm contribution in the virtual
loop [24].

We have studied the decays B → ηh, ηK∗, η′K
and η′K∗0. The η resonances are formed by com-
bining two photons, each with a minimum energy
of 50 MeV, while η′ mesons are reconstructed
in the final states η′ → ηπ+π− or η′ → ρ0γ,
where ρ0 → π+π−. The ρ0 candidates are re-
quired to have an invariant mass between 500 and
995 MeV/c2. We consider the same neutral and
charged K∗ decays as those in the B → φK∗

analysis mentioned in section 7.
Like other analyses, the requirement |cosθ∗T | <

0.9 is imposed to suppress continuum back-
ground.
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Table 4
Branching fractions (×10−6) for B → φK and B+ → φπ+ decays from BABAR (56.3 fb−1 and 20.7 fb−1†),
BELLE (21.6 fb−1) and CLEO (9.1 fb−1).

Mode BABAR BELLE CLEO
φK+ 9.2 ± 1.0 ± 0.8 11.2+2.2

−2.0 ± 1.4 5.5+2.1
−1.8 ± 0.6

φK0 8.7+1.7
−1.5 ± 0.9 8.9+3.4

−2.7 ± 1.0 < 12.3
φK∗+ 9.7+4.2

−3.4 ± 1.7† < 36 < 22.5
φK∗0 8.7+2.5

−2.1 ± 1.1† 13.0+6.4
−5.2 ± 2.1 11.5+4.5+1.8

−3.7−1.7

φπ+ < 0.6 — < 5

We use the energy constrained mass mEC ,
which is the mass of the B candidate when its
energy is constrained to be equal to the beam en-
ergy, instead of mES.

Table 5 shows the branching fraction results
from BABAR using extended unbinned maximum
likelihood fits to the data. The main variables in
the fits are mEC, ∆E, the invariant mass and he-
licity distributions of the intermediate resonance
and a Fisher discriminant. Also shown are the
results from CLEO [23] and BELLE. We confirm
the large branching fractions for the ηK∗ and η′K
modes.

9. B → K∗γ

The exclusive decays B → K∗γ proceed via
the flavour-changing neutral b → sγ transition,
where the largest contribution comes from the
top quark in the electromagnetic penguin vir-
tual loop. The current Standard Model next-to-
leading order predictions for the branching frac-
tions for these modes lies between 3.5×10−4 and
6.2 × 10−4 [25]. New physics contributions may
enhance the observed branching fractions.

The decays B0 → K∗0γ and B+ → K∗+γ have
been studied. The K∗ is formed by combining
K+, K0

S
, π− and π0 candidates through the four

decay modes K∗0 → K+π−,K0
Sπ

0 and K∗+ →
K+π0,K0

S
π+.

The background from these decays is predom-
inantly from light-quark continuum events, and
are suppressed by requiring selections on |cos θ∗T |
and the helicity angle. The branching fractions
are found by using an unbinned maximum likeli-
hood fit to the mES distributions, with the re-

Table 6
Branching fraction (B) and CP asymmetry (ACP )
results for the B → K∗γ channels for 20.7 fb−1.

Mode B(×10−5) ACP

B0 → K∗0γ 4.23 ± 0.40 ± 0.22 −0.05 ± 0.09 ± 0.01
B+ → K∗+γ 3.83 ± 0.62 ± 0.22 −0.04 ± 0.13 ± 0.01

quirements −200 < ∆E < 100 MeV for the
K+π− and K0

S
π+ modes and −225 < ∆E <

125 MeV for the modes containing a π0 (K+π0

and K0
S
π0). Table 6 shows the branching fraction

and CP asymmetry results for 20.7 fb−1, where
the CP asymmetry for these decays is defined as

ACP =
B(B̄ → K̄∗γ) − B(B → K∗γ)
B(B̄ → K̄∗γ) + B(B → K∗γ)

. (11)

Theoretical expectations for the branching frac-
tions are in agreement with the measured values.

10. B → K(∗)�+�−

The decays B → K(∗)�+�−, where �± is a
charged lepton, proceed via flavour-changing neu-
tral currents, which are highly suppressed in the
Standard Model. The dominant contributions
come from one-loop electroweak penguins, with
branching fractions predicted at the 10−7 − 10−6

level [26]. These could be enhanced if new,
heavy particles, such as those from supersymmet-
ric models, appear in the virtual loop.

We consider the four decay modes B+ →
K+�+�−, B0 → K0

S�
+�−, B+ → K∗+�+�− and

B0 → K∗0�+�−, where K∗0 → K+π−, K∗+ →
K0

S
π+, K0

S
→ π+π−, and � is either an e or
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Table 5
Measured branching fractions (×10−6) for B decays with η and η′ mesons from the CLEO, BELLE and
BABAR collaborations.

Mode CLEO (9.1 fb−1) BELLE (29 fb−1) BABAR (56 fb−1, 21 fb−1†)
ηπ+ 1.2+2.8

−1.2(< 5.7) 5.4+2.0
−1.7 ± 0.6 2.2+1.8

−1.6 ± 0.1(< 5.2)†
ηK+ 2.2+2.8

−2.2(< 6.9) 5.3+1.8
−1.5 ± 0.6 3.8+1.8

−1.5 ± 0.2(< 6.4)†
ηK0 0.0+3.2

−0.0(< 9.3) 6.0+3.8
−2.9 ± 0.4(< 12)†

ηK∗0 13.8+5.5
−4.6 ± 1.6 16.5+4.6

−4.2 ± 1.2 19.8+6.5
−5.6 ± 1.5†

ηK∗+ 26.4+9.6
−8.2 ± 3.3 26.5+7.8

−7.0 ± 3.0 22.1+11.1
−9.2 ± 3.2†

η′K+ 80+10
−9 ± 7 78 ± 6 ± 9 67 ± 5 ± 5

η′K0 89+18
−16 ± 9 68 ± 10 46 ± 6 ± 4

η′K∗0 7.8+7.7
−5.7(< 24) 4.0+3.5

−2.4 ± 1.0(< 13)

µ. We require the two oppositely charged lep-
tons to each have a momentum greater than 0.5
(1.0) GeV for e(µ). Electron-positron pairs con-
sistent with photon conversions are removed from
the data sample. K∗ candidates are required to
have an invariant mass within 75 MeV/c2 of the
mean mass of 892 MeV/c2 [5]. The charm decays
B → J/ψ(�+�−)K(∗) and B → ψ(2S)(�+�−)K(∗)

have identical topologies to signal events, and are
suppressed by applying a veto in the ∆E versus
invariant mass of the lepton pair (m�+�−) plane,
as shown in Fig. 5. The signal is extracted us-
ing a two-dimensional extended unbinned maxi-
mum likelihood fit to mES and ∆E in the region
mES > 5.2 GeV/c2 and |∆E| < 0.25 GeV. For
an integrated luminosity of 56.4 fb−1, we obtain
the preliminary branching fractions

B(B0 → K�+�−) = 8.4+3.0+1.0
−2.4−1.8 × 10−7, (12)

B(B0 → K∗�+�−) < 35 × 10−7(90%C.L.), (13)

where the first result represents an observation at
the 5 sigma level (statistical errors only). Figure 6
shows the projections from the likelihood fits onto
mES for the signal region in ∆E.

11. Conclusions

We have shown a selection of results from the
BABAR experiment based on up to 56.4 fb−1 col-
lected at the Υ (4S) resonance. We have made the
following observations:

-0.4

-0.2

0

0.2

0.4

2 3 4
-0.4

-0.2

0

0.2

0.4

2 3 4
me+e- (GeV/c2)

∆E
  (

G
eV

)

mµ+µ- (GeV/c2)
2 3 42 3 4

Figure 5. Veto in the ∆E vs.m�+�− plane for (a)
B → K(∗)e+e− and (b) B → K(∗)µ+µ−. The
hatched regions are vetoed. The dots correspond
to B → J/ψ(�+�−)K and B → ψ(2S)(�+�−)K
Monte Carlo simulated events, while the horizon-
tal lines show the boundaries for the ∆E region
where most of the signal events would lie.

• B → DK. We have measured the ratio
of the branching fractions for B− → D0K−

and B− → D0π−, as well as the CP asym-
metry for the CP -even mode B− → D0

+K
−,

which is the first step towards measuring γ.

• B → D(∗)D(∗) decays, which can be used
to measure β, have been fully reconstructed.
We have a first measurement of the CP -odd
content of these decays.
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Figure 6. Projections from the likelihood fits of
the K(∗)�+�− modes onto mES for the signal re-
gion −0.11 < ∆E < 0.05 GeV for electrons and
−0.07 < ∆E < 0.05 GeV for muons. The dotted
lines show the level of background, while the solid
lines show the sum of the signal and background
contributions.

• We observe B+ → π+π0 for the first
time, which, with other two body charmless
modes, can be used to extract the angle α.

• Three-body charmless B decays. Signifi-
cant signals have been observed for B+ →
K+π−π+ and B+ → K+K−K+. A Dalitz
plot analysis of these decays could give us
information about the angle γ.

• We have made observations of the decays
B+ → φK+ and B0 → φK0, and we also
confirm the rather large branching fractions
of ηK∗ and η′K first seen by CLEO, which
presents a theoretical challenge.

• Radiative penguin modes. We observe a sig-
nal for B0 → K�+�− for the first time.

Many of the results are approaching the level
of predictions from the Standard Model. We ob-
serve no direct CP violation in several decays,
which could indicate that (the differences be-
tween) strong phases are small. We can expect
many more fruitful searches and improvements to
existing measurements in the near future.
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