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1. Introduction

Experimental measurements of branching fraction, polarizatio@Bndolating charge asym-
metries in rard3 decays are important tests of the Standard Model (SM) and its extenSievezal
predictions are available for these quantities, using different theorappabaches [1, 2]. All these
guantities may provide sensitivity to the presence of heavy non-SM paiitidies loop diagrams.

The large branching fraction difference betwegK andnK seems to be explained in the SM
contest [3]. Rates of the decay modesjg, n@, n’ n’, andn’¢ are used in flavor SU(3)-based
calculations [2, 4], to constraint the unsigned difference betweerCheéolating parametefs
measured im’K° andgKC and sin 8 measured id/K°. The charge asymmetry;, is expected
to be sizable imK™ and suppressed WK™ decays [2].

In B — VV decays (wheré/ is a vector), simple helicity arguments predict a longitudi-
nal polarization fractionf,. close to 1. In 2003 botlBaBAR and Belle measuredi, ~ 0.5 in
B — @K*(892) [5]. Possible explanations for this puzzle have been proposed withinMhg]S
and in new physics scenarios [7].

2. Analysis Technique

Results shown in this paper are based on a sample 0k 468 BB pairs collected at a center-
of-mass energy/s equal to the mass of th&(4S) resonance at the PEP-Il asymmetrie™ col-
lider, at the SLAC National Accelerator Laboratory, and recorded byBtBAR detector [8].

B meson is reconstructed intprtt, nK, nn, nw, ne, n'nm", 'K, n'n’, n'w, n’'e, wK*,
wfo(600), wp, b1K*(892), andb; p final states. IrwK*, we consider eithelK*(892), (K)o, and

K3(1430. TheB meson is kinematically characterized b = Eg — 3\/Sandmes = |/s/4— B3,
where(Eg, Bg) is theB meson four-momentum vector expressed{4S) rest frame.

Background arises primarily from random combinations of particlestier — qq events
(g=u,d,s,c). We suppress this background with requirements on event shapblgarand on
the energy, invariant mass and particle identification signature of the geodycts. FovV, and
vector-tensolV T decays, we define the helicity anglés and 6,, where the subscript refers to
B daughters. For two (three) body dec@y,s defined as the angle between the direction of the
recoiling B and the direction of one of the resonance daughters (the normal to treeigéamified
by the daughter decay products).

For each mode, results are obtained from extended maximum likelihood fits withviap-
ablesAE, mes, and the output of a Fisher discriminant that combines different evapeshvari-
ables. Where useful, the massesBoflaughters are included in the fit. tbK* and wp, f. and
fr = 1— f_ are extracted using the knowledge of the decay angular distribution:

dr | frsir? Oysir? 6, + 4f_cos 6, cog 6, for B —VV 2.1)
dcosf;dcosh2 | frsir? 6, sir? 62c05262+%005291(300§92—1)2 forB—VT
3. Results

In Table 1 we report the branching fractiosand theZ upper limit (UL) at 90% confidence
level (CL), the significanc& (with systematic uncertainties included), the charge asymm#iy
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and f_, for each decay mode [9]. The first error is statistical and secongragsic. Results

Table 1: Results for modes presented in this paper .

Decay 2 (10°6) A UL (1079 | S(o0) Ach fL

Mode

nmt 4.0040.40-£0.24 - - | —0.03+£0.09+0.03 -

nK® 1.15;%5%+0.09 1.8 35 - -

nK+ 2947939+ 0.21 - - | —0.36+0.11+0.03 -

nn 0.5+£0.3+0.1 1.0 1.9 - -

nw 0.94793540.09 1.4 3.7 - -

ne 0.2+£0.2+0.1 0.5 1.4 - -

n'mt 35+06+0.2 - - | +0.03+£0.17+0.02 -

n'Ko 685+22+3.1 - - - -

n'K+ 715+1.3+3.2 - - | +0.008551¢+0.009 -

n'n’ 0.6795+0.4 1.7 1.0 - -

n'w 1.01°535+0.09 1.8 3.6 - -

n'e 0.2+0.2+0.3 1.1 0.5 - —
wK*(892)° 22+£0.6+0.2 - 41 | +0.45:+0.25+0.02 | 0.72+0.14+0.02
wK*(892)F 24+10£0.2 7.4 25 | +0.29+0.35+£0.02 | 0.41+0.18+0.05
w(Km)P 184+18+17 - 9.8 | —0.074+0.09+0.02 -
w(Km)y" 275+3.0+26 - 9.2 | —0.10+0.09+0.02 -
wK>(1430*° | 101+2.0+11 —~ 50 | —0.37+0.17£0.02 | 0.45+0.12+0.02
wK>(1430*F | 215+3.6+24 - 6.1 | +0.14+0.15+0.02 | 0.56+0.10+0.04
wfo 1.0+£0.3+0.1 15 45 - -

wp® 0.84+05+0.2 1.6 1.9 - 0.8 fixed
wp* 159+16+14 — 9.8 | —0.20+0.09+0.02 | 0.90+0.05+0.03
b9p0 ~11+177%3 34 — - -

by p* ~1.84+05+1.0 1.4 —~ - -~

bdp* —-3.0+09+18 33 - - -

by p° 15+15+22 5.2 0.4 - -

bOK *(892)° 48+19°33 8.0 2.0 - -

by K*(892)* 24713410 5.0 1.7 - -
bIK*(892)* 0.4722139 6.7 0.1 - -

bf K*(892)° 29+15+15 5.9 15 - -

for modes containing) or n” meson in the final states are preliminary. Significance is taken as
V —2InZax/ 2o, Where Zmax (%) is value of the likelihood at its maximum (for zero signal).

If the significance is smaller thano5 we calculate a Bayesian UL at 90% CL, integrating the
likelihood in the positive branching fraction region. For the well establighezhy modeg K™,
n’K®, andn) 1t we do not report the significance. toK*(892)* with K*(892)* — KO, f,

is fixed to 05 in the fit. Main contributions of systematic uncertainties to branching fractiarec
from fit bias and uncertainties in the probability density functions paramatiniz TheB — n’K
decay mode is systematic limited due to the uncertainties on daughter braneititignis.
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4. Conclusions

We reported measurements for several charmless hadBatgécays. I8 — nK™ we find ev-
idence of direcCP violation at 330 level. B — w(Km)j andB — wK;(1430) decays are observed
for the first time. f_ in BT — wK*(892" andB"™ — wp™ is consistent with & and 1, respec-
tively, as expected by theoretical predictions [6]. in B — wK3(1430 is consistent with (b
in disagreement withf (¢K3(1430)) ~ 1 [10]. No theoretical predictions are available for these
modes. Results iB — b;p andB — b;K* are in disagreement with and seem to be systematically
lower than theoretical predictions [1].

5. Acknowledgements

I would like to thank all myBaBAR collaborators and in particular Fernando Palombo, Adrian
Bevan and Jim Smith for their support.

References

[1] Y. H. Chenet al,, Phys. Rev. D60, 094014 (1999) [hep-ph/9903453]; C. S. Kenal,, Phys. Rev.
D 67, 014002 (2003) [hep-ph/0205263]; C. W. Chiatal., Phys. Rev. D69, 034001 (2004)
[hep-ph/0307395]; Z. Xiaet al, Phys. Rev. [¥5, 014018 (2007) [hep-ph/0607219]; H.-Y. Chesig
al., Phys. Rev. Dr7, 014034 (2007) [hep-ph/0705.3079]; H.-Y. Cheng and K.-&ng, Phys. Rev.
D 78, 094001 (2008) [hep-ph/0805.0329].

[2] M. Beneke and M. Neubert, Nucl. Phys.@885, 333 (2003) [hep-ph/0308039]; C. W. Chiaetal.,
Phys. Rev. Dr0, 034020 (2004) [hep-ph/0404073].

[3] H. J. Lipkin, Phys. Lett. B254, 247 (1991); M. Beneke and M. Neubert, Nucl. Phy$3®, 225
(2003) [hep-ph/0210085].

[4] Y. Grossmaret al, Phys. Rev. 068, 015004 (2003) [hep-ph/0303171]; M. GrongiLal, Phys. Lett.
B 596, 107 (2004) [hep-ph/0403287].

[5] BaBar Collaboration, B. Auberét al., Phys. Rev. Lett91, 171802 (2003) [hep-ex/0307026];
Belle Collaboration, K.F. Cheaet al, Phys. Rev. Lett91, 201801 (2003) [hep-ex/0307014].

[6] For areview of SM understandings of thediarization puzzlésee A. Datteet al,, Phys. Rev. /6,
034015 (2007) [hep-ph/0705.3915], and references therein

[7] E. Alvarezet al,, Phys. Rev. I¥0, 115014 (2004) [hep-ph/0410096]; P. K. Das and K. C. YangsPh
Rev. D71, 094002 (2005) [hep-ph/0412313]; C.-H. Chen and C.-Q. GBhygs. Rev. [¥1, 115004
(2005) [hep-ph/0504145]; A. K. Giri and R. Mohanta, Eur. Bhjour. C44, 249 (2005)
[hep-ph/0412107]; S. Baedt al,, Phys. Rev. Ir2, 094008 (2005) [hep-ph/0508149]; W. Zou and Z.
Xiao, Phys. Rev. Y2, 094026 (2005)[hep-ph/0507122];Q. Chang, X.-Q. Li, an®YYang,JHEP
0706, 038 (2007) [hep-ph/05610280].

[8] BaBar Collaboration, B. Aubereét al., Nucl. Instr. Methods Phys. Res., Sect479, 1 (2002)
[hep-ex/0105044].

[9] BaBar Collaboration, B. Auberét al, Phys. Rev. Dr9, 052005 (2009) [hep-ex/0901.3703];
hep-ex/0907.1743, submitted to Phys. Rev. D ; Phys. R&0,[501101 (2009) [hep-ex/0907.3485].

[10] BaBar Collaboration, B. Aubergt al, Phys. Rev. Ir8, 092008 (2008) [hep-ex/0808.3586].



