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1. Introduction

The study of charmlef8 decays probes the dynamics of weak and strong interactions by mea-
suring the interference between tree level and penguin contributions sathe final state. This
interference effect can give rise to dir@R violation. Time-dependent measurements and interfer-
ences between intermediate states permit measurements of all three angée€ikMHnitarity
Triangle. The presence of loop contributions to these decays also peeauithes for the effects
of new particles entering the loops, such as enhanced branching rfieatidCP asymmetries.

2. Analysis Techniques

All the analyses presented below make use of the BaBAarR Y(4S) dataset. This consists
of 467 million BB pairs collected by théaBAr detector at the PEP-B factory which collides
e"e” asymmetric beams at th§4S) resonance. ThB meson candidates are characterised using
kinematic variables. These take advantage of the fact that the centrassf-energy,/s is just
above theBB production threshold to construct a pair of almost uncorrelated variaipes=

5 — PBy? andAE = Ef — %S where(EZ, pg) is the B meson four-momentum in the centre-of-
mass frame. Additionall8 meson candidates are distinguished from the lightebackground
using topological variables combined in a multivariate analyser (MVA), sisch neural network
or a Fisher discriminant, in order to maximise their discriminating power. Both kitienaiables
and the output of the MVA can either have selection requirements placediugm or be supplied
as inputs in a maximum likelihood fit.

3. Study of the decays B+ — p%(770)K**+ and BT — fo(980)K**

The polarization fractionf() in B — VV decays is predicted to be 1.0. However experi-
mental results in penguin dominated— s decays have shown that the longitudinal polarization
fraction for those decays i ~ 0.5. The analysis described below presents the first observation
of the charmless dec&" — p°(770)K**, including the measurement of its polarization fraction,
and measurement of the charmless degay-— fo(980)K**+. Thep® and f° candidates are recon-
structed from their decay ta" 7~ and theK** candidates from their decays to eith€}rr™ or
K*7°. The invariant masses and angular distributions ofdtie®(Krr") and r* i~ candidates
are used as input in the maximum likelihood fit in addition to the kinematic variabiesandAE,
and the output of a neural network. Results are compatible with the preBi@®mz upper limit.
The first observation @+ — p%(770K** is made with a significance of3o; the branching frac-
tion is measured to b@h.6+ 1.0+ 0.4) x 10°°. The polarisation fraction iB™ — p%(770)K** is
found to be 078+ 0.1240.03, which is compatible with other experimental resultls in sdecays.
TheB* — fp(980)K** decay is found to have a branching fractior(42+ 0.6+ 0.3) x 10~° and
aCPasymmetry of-0.15+ 0.12+0.03 [2].

4. Branching fractionsand CP asymmetry studiesin B — @@K decays

The three-body decal — @@K occurs via a “penguin” loofp — sss transition. This final
state can also occur via the intermediate tree 18ve} n.K decay, withn. decaying topg. In
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the @@ invariant mass region close to thg resonance, the tree and penguin amplitudes may
interfere. The Standard Model predicts that these contributions have rsimgkk phases and
therefore no direcCP violation is expected. A significar@P asymmetry would therefore be a
clear sign of New Physics. Both decaysBf — @@K+ andB? — @@K? are considered in this
analysis. The maximum likelihood fit is constructed from the goandidates’ invariant masses,
the kinematic variableses andAE, and the output of the Fisher discriminant. Below theegion,

we find the branching fraction &' — @K™ to be consistent with previous measurements [3, 4],
with a fitted yield of 178t 15 events. We make the first observation of the deB&y- p@K? at
My < 2.85 GeV/c? with a significance greater tharwSand a fitted yield of 4@ 7 events. The
branching fraction is found to b& (B® — @¢K?) = (4.5+0.840.3) x 10°°. In the n. region,
theCP asymmetry is found to bAcp (Mg € [2.94,3.02 GeV/c?) = —0.09-+£ 0.10-£ 0.02 which is
consistent with the Standard Model prediction [5].

5. Dalitz plot analysis of B® — K+ ri°

Amplitudes ofB — K*71T decays are sensitive to the anglef the Unitarity Triangle at tree
level. Tree level contributions are however Cabibbo suppressed vgfeceto QCD and elec-
troweak (EWP) penguin amplitudes. QCD penguin contributions can be elidibgtéorming
isospin triangles from the amplitudes of the decBYs- K**m~ andB® — K*°rPgiven by:

A%(K*+n°) (B® — K**+mm) + A(B? — K*0m0), (5.1)

1
= EA
whereAg is the isosping weak decay amplitude. These amplitudes are measured from their
interferences with other contributions to the final stBfe— K*m n°. The phase difference
betweenB® — K*+m andB® — K*~mr* is measured from the Dalitz plot analysis of the final
stateB® — KOt i1~ [6, 7]. Both BABAR and Belle have made measurements of this phase in
BY — K2t i, however, the results presented here are from a combination daBe anal-
yses ofB° — KT andB® — K{rr" i, which yields the weak phase Bk, given by ®s =

—%Arg (K% /Ag . This phase is equal to the CKM angtin the absence of electroweak penguins.

A maximum likelihood fit is formed from the kinematic variables, output of the alenetwork

and the Dalitz plot parameters. The overall branching fraction for the-tboely decay is found

to be A(B° — K*m m°) = (385+1.0+3.9) x 10°°. A 3.10 evidence of direcEP violation is
observed aaA(BO — K**n”) = —0.294+0.11+0.02. There is poor sensitivity twg due toA_\%

being close to zeroB® — pK decays also allow the measurement of an analogous amplitude via
the amplitudes oB® — p~K* andB® — p°K°. These decays do not contribute to a common fi-
nal state but do interfere with tHg? — K**— amplitude in their decays B° — K™ n® and

BY — KO . We find®; (oK) = (—~107557,)” [8].

6. Search for Bt — K+mPrm0

Recent measurements of rates and asymmetriBs-inK it decays have generated consider-
able interest because of possible hints of new physics contributiBns. K* 1T decays are pre-
dicted to have large€P asymmetries and hence provide useful additional information. To this
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purpose an improved measuremenkof 7 is needed and is measured through the final state of
Bt — KTmPr®. We construct a maximum likelihood fit to two variablesss and the output of

a neural network of event-shape variables. Results include the fgshattion o8t — K+ 707°

with a branching fraction of (B™ — K™ n°n°) = (16.2+1.2+1.5) x 10°° and a significance
greater than 16. A Dalitz plot analysis of this mode is not possible due to the large fraction
of misreconstructed signal events, hence branching fraction€CBrasymmetries for the reso-
nances are measured by selecting signal regions in the invariant magautiesis reproduced
from sWeights [9]. Background yields in the signal regions are estimated usimgatised aver-
ages of two sidebands on either side of the signal regions and subtiiactethe signal yield. We
find a product branching fraction f@" — f(980) (— n°n°) K+ of (2.79+0.57+0.51) x 10°°.

The result folk*+(892) i° supercedes the previoBaBAaR result with an overall branching fraction

of #=(8.2+15+1.1) x 10°% andAcp = (—6+ 24+ 4)% [10].

7. Conclusion

BABAR continues to produce many new physics results in charnBetecays. Most of these
results agree with the Standard Model predictions but puzzles such asldresation problem
and ‘K" puzzle still remain unsolved. To ascertain if these discrepancies aredralsign of
New Physics, larger statistics from current experimeaits,LHCb, and future experiments, such
as SuperB and Bellell is needed.

| would like to thank the members of tH8aBAR charmless working group, Dr. Tim Gershon
and Dr. Thomas Latham for their help and support in preparing this dauuene the conference
presentation.

References

[1] D. Asneret al.[ Heavy Flavor Averaging Group Collaboration ], [arXiv:1@1589 [hep-ex]].

[2] P. del Amo Sancheet al.[BABAR Collaboration], Phys. Rev. B3, 051101 (2011)
[arXiv:1012.4044 [hep-ex]].

[3] H. C. Huanget al.[Belle Collaboration], Phys. Rev. Le®1, 241802 (2003) [arXiv:hep-ex/0305068].
[4] B. Aubertet al.[BABAR Collaboration], Phys. Rev. Letfi7, 261803 (2006) [arXiv:hep-ex/0609027].

[5] J. P. Leest al.[ The BABAR Collaboration ], Phys. Rel284, 012001 (2011). [arXiv:1105.5159
[hep-ex]].

[6] J. Dalsencet al.[Belle Collaboration], Phys. Rev. 29, 072004 (2009) [arXiv:0811.3665 [hep-ex]].

[7] B. Aubertet al.[BABAR Collaboration], Phys. Rev. B0, 112001 (2009) [arXiv:0905.3615
[hep-ex]].

[8] J. P. Leest al.[The BABAR Collaboration], Phys. Rev. B3, 112010 (2011) [arXiv:1105.0125
[hep-ex]].

[9] M. Pivk, F. R. Le Diberder, Nucl. Instrum. MetiA555, 356-369 (2005). [physics/0402083
[physics.data-an]].

[10] J.P.Lee=t al.[ BaBar Collaboration ], [arXiv:1109.0143 [hep-eX]].



