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We present recent results from theBABAR experiment in studies of charmless hadronicB de-

cays. These results were obtained using the fullϒ (4S) dataset of approximately 465 mil-

lion BB pairs collected by theBABAR detector at the PEP-II asymmetric energyB factory

at SLAC. Results include the study of the quasi-two-body decaysB+ → ρ0(770)K∗+ and

B+ → f0(980)K∗+, including a polarization fraction measurement ofB+ → ρ0(770)K∗+, mea-

surements ofB+ → φφK+and the first observation ofB0 → φφK0
S . Charmless three-body results

include the Dalitz plot analysis ofB0 → K+π−π0 and the first observation ofB+ → K+π0π0,

including measurements of intermediate quasi-two-body resonances such asB+ → K∗+(892)π0.
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1. Introduction

The study of charmlessB decays probes the dynamics of weak and strong interactions by mea-
suring the interference between tree level and penguin contributions to thesame final state. This
interference effect can give rise to directCPviolation. Time-dependent measurements and interfer-
ences between intermediate states permit measurements of all three angles of the CKM Unitarity
Triangle. The presence of loop contributions to these decays also permits searches for the effects
of new particles entering the loops, such as enhanced branching fractions andCP asymmetries.

2. Analysis Techniques

All the analyses presented below make use of the fullBABAR ϒ (4S) dataset. This consists
of 467 million BB pairs collected by theBABAR detector at the PEP-IIB factory which collides
e+e− asymmetric beams at theϒ (4S) resonance. TheB meson candidates are characterised using
kinematic variables. These take advantage of the fact that the centre-of-mass energy

√
s is just

above theBB production threshold to construct a pair of almost uncorrelated variablesmES =
√

s
4 −~p∗2

B and∆E = E∗
B −

√
s

2 , where(E∗
B,~p∗B) is theB meson four-momentum in the centre-of-

mass frame. AdditionallyB meson candidates are distinguished from the lighterqq background
using topological variables combined in a multivariate analyser (MVA), suchas a neural network
or a Fisher discriminant, in order to maximise their discriminating power. Both kinematic variables
and the output of the MVA can either have selection requirements placed upon them or be supplied
as inputs in a maximum likelihood fit.

3. Study of the decays B+ → ρ0(770)K∗+ and B+ → f0(980)K∗+

The polarization fraction (fL) in B → VV decays is predicted to be∼ 1.0. However experi-
mental results in penguin dominatedb → s decays have shown that the longitudinal polarization
fraction for those decays isfL ∼ 0.5. The analysis described below presents the first observation
of the charmless decayB+ → ρ0(770)K∗+, including the measurement of its polarization fraction,
and measurement of the charmless decayB+ → f0(980)K∗+. Theρ0 and f 0 candidates are recon-
structed from their decay toπ+π− and theK∗+ candidates from their decays to eitherK0

S π+ or
K+π0. The invariant masses and angular distributions of theK+π0(K0

S π+) andπ+π− candidates
are used as input in the maximum likelihood fit in addition to the kinematic variables,mES and∆E,
and the output of a neural network. Results are compatible with the previousBABAR upper limit.
The first observation ofB+ → ρ0(770)K∗+ is made with a significance of 5.3σ ; the branching frac-
tion is measured to be(4.6±1.0±0.4)×10−6. The polarisation fraction inB+ → ρ0(770)K∗+ is
found to be 0.78±0.12±0.03, which is compatible with other experimental results inb→ sdecays.
TheB+ → f0(980)K∗+ decay is found to have a branching fraction of(4.2±0.6±0.3)×10−6 and
aCP asymmetry of−0.15±0.12±0.03 [2].

4. Branching fractions and CP asymmetry studies in B→ φφK decays

The three-body decayB → φφK occurs via a “penguin” loopb → ss̄s transition. This final
state can also occur via the intermediate tree levelB → ηcK decay, withηc decaying toφφ . In

2



P
o
S
(
E
P
S
-
H
E
P
2
0
1
1
)
1
3
7

Charmless hadronic B decays withBABAR Eugenia Maria Teresa Puccio

the φφ invariant mass region close to theηc resonance, the tree and penguin amplitudes may
interfere. The Standard Model predicts that these contributions have similar weak phases and
therefore no directCP violation is expected. A significantCP asymmetry would therefore be a
clear sign of New Physics. Both decays ofB+ → φφK+ andB0 → φφK0

S are considered in this
analysis. The maximum likelihood fit is constructed from the twoφ candidates’ invariant masses,
the kinematic variablesmES and∆E, and the output of the Fisher discriminant. Below theηc region,
we find the branching fraction ofB+ → φφK+ to be consistent with previous measurements [3, 4],
with a fitted yield of 178±15 events. We make the first observation of the decayB0 → φφK0

S at
mφφ < 2.85 GeV/c2 with a significance greater than 5σ and a fitted yield of 40±7 events. The
branching fraction is found to beB

(

B0 → φφK0
S

)

= (4.5±0.8±0.3)×10−6. In theηc region,
theCPasymmetry is found to beACP

(

mφφ ∈ [2.94,3.02] GeV/c2
)

= −0.09±0.10±0.02 which is
consistent with the Standard Model prediction [5].

5. Dalitz plot analysis of B0 → K+π−π0

Amplitudes ofB → K∗π decays are sensitive to the angleγ of the Unitarity Triangle at tree
level. Tree level contributions are however Cabibbo suppressed with respect to QCD and elec-
troweak (EWP) penguin amplitudes. QCD penguin contributions can be eliminated by forming
isospin triangles from the amplitudes of the decaysB0 → K∗+π− andB0 → K∗0π0given by:

A3
2
(K∗+π0) =

1√
2

A(B0 → K∗+π−)+A(B0 → K∗0π0), (5.1)

whereA3
2

is the isospin3
2 weak decay amplitude. These amplitudes are measured from their

interferences with other contributions to the final stateB0 → K+π−π0. The phase difference
betweenB0 → K∗+π− and B0 → K∗−π+ is measured from the Dalitz plot analysis of the final
stateB0 → K0

S π+π− [6, 7]. Both BABAR and Belle have made measurements of this phase in
B0 → K0

S π+π−, however, the results presented here are from a combination of theBABAR anal-
yses ofB0 → K+π−π0 andB0 → K0

S π+π−, which yields the weak phase ofA3
2
, given byΦ 3

2
=

−1
2Arg

(

Ā3
2
/A3

2

)

. This phase is equal to the CKM angleγ in the absence of electroweak penguins.
A maximum likelihood fit is formed from the kinematic variables, output of the neural network
and the Dalitz plot parameters. The overall branching fraction for the three-body decay is found
to beB(B0 → K+π−π0) = (38.5±1.0±3.9)×10−6. A 3.1σ evidence of directCP violation is
observed asA

(

B0 → K∗+π−)

= −0.29±0.11±0.02. There is poor sensitivity toΦ 3
2

due toĀ3
2

being close to zero.B0 → ρK decays also allow the measurement of an analogous amplitude via
the amplitudes ofB0 → ρ−K+ andB0 → ρ0K0. These decays do not contribute to a common fi-
nal state but do interfere with theB0 → K∗+π− amplitude in their decays toB0 → K+π−π0 and
B0 → K0

S π+π−. We findΦ 3
2
(ρK) =

(

−10+10+7
−20−22

)◦
[8].

6. Search for B+ → K+π0π0

Recent measurements of rates and asymmetries inB→ Kπ decays have generated consider-
able interest because of possible hints of new physics contributions.B → K∗π decays are pre-
dicted to have largerCP asymmetries and hence provide useful additional information. To this
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purpose an improved measurement ofK∗+π0 is needed and is measured through the final state of
B+ → K+π0π0. We construct a maximum likelihood fit to two variables,mES and the output of
a neural network of event-shape variables. Results include the first observation ofB+ → K+π0π0

with a branching fraction ofB
(

B+ → K+π0π0
)

= (16.2±1.2±1.5)× 10−6 and a significance
greater than 10σ . A Dalitz plot analysis of this mode is not possible due to the large fraction
of misreconstructed signal events, hence branching fractions andCP asymmetries for the reso-
nances are measured by selecting signal regions in the invariant mass distributions reproduced
from sWeights [9]. Background yields in the signal regions are estimated using normalised aver-
ages of two sidebands on either side of the signal regions and subtractedfrom the signal yield. We
find a product branching fraction forB+ → f0(980)

(

→ π0π0
)

K+ of (2.79±0.57±0.51)×10−6.
The result forK∗+(892)π0 supercedes the previousBABAR result with an overall branching fraction
of B = (8.2±1.5±1.1)×10−6 andACP = (−6±24±4)% [10].

7. Conclusion

BABAR continues to produce many new physics results in charmlessB decays. Most of these
results agree with the Standard Model predictions but puzzles such as thepolarisation problem
and “Kπ” puzzle still remain unsolved. To ascertain if these discrepancies are indeed a sign of
New Physics, larger statistics from current experiments,e.g.LHCb, and future experiments, such
as SuperB and BelleII is needed.

I would like to thank the members of theBABAR charmless working group, Dr. Tim Gershon
and Dr. Thomas Latham for their help and support in preparing this document and the conference
presentation.
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