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1. Introduction

Charmless hadronic decays of B mesons can include contributions from both tree level and
loop level (or penguin) processes. The penguin processes may have virtual contributions from New
Physics that could manifest itself, for instance, by enhanced branching fractions, anomalous CP
asymmetries or anomalous polarizations. By studying the interference of light hadron intermediate
states that contribute to these decays, informations of the nature of these states can be extracted.

2. Recent results in charmless hadronic 2-body and quasi-2-body B decays

2.1 B — h"n~K*znt decays

The decays B — K*7#~K*zn* and B — nt 2~ K*x* have contributions of electroweak and
gluonic penguins and could help explain why an unexpected low polarization has been measured
in B decays to vector-vector final states, for instance in B — ¢K*, where the polarization was
expected close to one, but has been measured to be approximately one half [1][2]. An angular
analysis of B — K* 7~ K*7* decays may help clarify if a form factor is at the origin of the low
polarization [3]. Additionally this mode can help constraining ¢ and 7 via the extraction of the lon-
gitudinal helicity final state of the resonant mode B — K*K* that can give insight in the hadronic
parameters of B, — K*K* decays. An analysis of B — 777~ K*n* decays could give insight into
the Kz-puzzle [4][5], as the difference between the Kz-modes and their vector-vector counterparts,
such as B — pK*, is mainly hadronic [6][7]. Furthermore the nonresonant background in vector-
vector production that has not yet been studied and could possibly have different properties than
the resonant modes.

The Belle analysis of B — K"~ K*zn* decays [11] does not find a statistically significant sig-
nal for B® — K*K* and B? — K*K* and estimates 90% C.L. upper limits of 0.8 x 107 and
0.2 x 107 respecively. These results are in agreement with the theoretical prediction of (0.17 —
0.92) x 107 [8] and (2.9 +£0.2) x 1077 [9] respectively, but there is a 2.2¢ discrepancy with the
corresponding BABAR analysis [10] that has measurend a branching fraction of (1.281’8:38(5&&) +
0.11(sys)) x 1076 for BY — K*K*.

The Belle analysis of B — 7t 7~ K*7* decays [12] makes the first observation of the produc-
tion mode B” — p?K* 7~ and estimates its branching fraction to be (2.8 £ 0.5(stat) 4 0.5(sys)) x
1076, Belle also finds evidence for B® — f;(980)K* 7~ and B — 7" 7~ K*? and measures (1.4 +
0.4(stat) 03 (sys)) x 107 and (4.5} (stat) "2 (sys)) x 107° respectively. The analysis performs
the first measurement of the nonresonant mode but does not find a significant signal, the 90% C.L.
upper limit on the branching fraction is 2.1 x 1076,

2.2 B — X1 inclusive

Charmless B decays that involve 1) and 1) exhibit unique properties due to mixing between the
underlying pseudoscalar octet and singlet components [13]. While these mixing effects are rela-
tively well understood in exclusive B — K<*)n(’ ) decays, the picture is less clear in B — Xsn<’ ), X,
stands for an inclusive state of unit strangeness. CLEO has made the first observation of B — X1’
and measured a larger than expected branching fraction and a rise in the X, spectrum at high
mass [14]. These findings have later been confirmed by CLEO [15] and BABAR [16]. A possible
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explanation are large contributions from non-perturbative charming penguin amplitudes [17][18].
A measurement of the complementary process B — X1 can help to clarify the situation as n — n’
mixing suggests that mechanisms with couplings to the pseudoscalar singlet, n° , should be signif-
icant in the 1" mode but less so in the mode with an 1. CLEO previously searched for B — X0
decays using 3.3 x 10 BB pairs, but was only able to place an upper limit on the branching fraction
of 4.4 x 10* [14].

The Belle analysis of B — X n [24] uses 657 x 10° BB pairs and a pseudo-inclusive method for
analysis. Belle measures a branching fraction of (25.5 42.7(stat) & 1.6(syst) 3%, (model)) x 107
for X, masses between 0.4GeV/c? and 2.6 GeV/c?, where the systematic error is dominated by the
uncertainty of the fragmetation at high mass simulated using PYTHIA and the model uncertainty
takes into account contributions that may have been wrongly estimated by the pseudo-inclusive
method. This first observation indicates that the mode is not strongly suppressed with respect to
B — X1’ and the explanation using charming penguin amplitudes is disfavored. The analysis also
confirms the rise at high mass in the Xy spectrum observed in B — X n’.

2.3 B decays to n'p,n'fy(980) and n'K*

There are also pending questions for some exclusive modes involving 1)’. BABAR has observed
B — n'K* decays and found evidence for B — n’p analyzing 232 x 10° BB pairs. The upper
limits reported by Belle [23] using 535 x 10® BB pairs are in poor agreement with these results.
An update of the BABAR analysis using more data should be able to clarify the situation. There are
theoretical predictions for the branching fractions of these modes, namely from perturbative QCD
(pQCD) [19], QCD Factorization (QCDF) [20], Soft Collinear Effective Theory (SCET) [21], and
SU (3) flavor symmetry [22]. The predicted branching fractions for the final states n'K*(892)"
and 1'K*(892)° are in the range of a few times 10° , whereas the branching fraction for B — n’p°
is suppressed to 1077 — 1078 . There is some disagreement on the predictions of the branching
fraction for B¥ — n/p* : SCET calculations give a value of 0.4 x 107%, whereas pQCD and
QCDF predict a branching fraction of (6 —9) x 10~° . There are no theoretical predictions for the
branching fraction of B® — 1’ £3(980).
The BABAR analysis of B meson decays to 1'p,1n'fy(980) and n’K* [25], where K* stands for a
vector, scalar, or tensor strange meson, studies the decays of 467 x 10° BB pairs. BABAR observes
significant signal or evidence for )’p™ and all the 1’K* channels. The charge asymmetries, where
applicable, have also been measured and the results are consistent with no direct CP-violation in
all cases. A selection of the results is summarized in Tab. 1. The BABAR results favor the theoretical
predictions from perturbative QCD and QCD Factorization and an unexpected enhancement of the
tensor K3(1430) with respect to the vector K*(892) component is being observed. The results
remain in poor agreement with the results reported by Belle.

3. Recent results in charmless hadronic 3-body B decays
3.1 B — KIK*rn*

The decay B® — KYK* 7+ is suppressed in the Standard Model (even number of Kaons in the
final state) and proceeds mainly through b — u tree and b — d penguin amplitudes. While there



Charmless B Decays Simon Sitt (on behalf of the BABAR Collaboration)

Table 1: Statistical significance in units of standard deviations, branching fraction, upper limit on branching
fraction, charge asymmetry (if applicable) and the corresponding Belle measurement taken from Refer-
ence [23] (if available) for a selection of the analyzed modes. The first errors are statistical and the second
errors are systematic uncertainties.

Mode Slc] ~ BF[107°] UL BF[10~°] Ach Belle [107°]
B —n'p° 20 1.54+0.8+0.3 2.8 - <3.1

B — 1'fp(980) 0.5 02703+0.1 0.9 - -
B—n'pt 58 9.7 9+1.1 - 0.26+£0.17£0.02 <5.8

B — n'K*0 40  3.1709+03 4.4 0.02+£0.23+0.02 <26

B — n/K** 3.8 48719+08 7.2 —0.26£0.27+0.02 <29

B — n'(Kx) 56 74715+06 - ~0.1940.17+0.02 -

B — n/(Kn);" 29  6.0735+£0.9 9.3 0.06 £0.20 £ 0.02 -

B — n'K5(1430)° 53  13.730+1.2 - 0.14-+0.18 +0.02 -

B — n'K;(1430)" 7.2 28.0%35+26 - 0.154+0.1340.02 -

have been observations of B® — KEK? and BT — K?KJr [26][27] and the related vector-vector
final states have also been detected [28][29] there exist only upper limits for the correspond-
ing pseudoscalar-vector final states: %(B? — K'K*?) + 2(B? — K°K*?) < 1.9 x 107 [30] and
B(BT — KTK*) < 1.1 x 107% [31]. An analysis of B — KIK*z* decays could also help to
clarify the nature of the so-called fx(1500) resonance of unknown spin and isospin quantum num-
bers that has been observed in B¥ — K*K~ 7™ [32] but not in B¥ — KKYz+ [33], by searching
for an isospin partner to the fx(1500) that decays to K’K™.

The BABAR analysis of B — KIK*7% [34] uses the decays of 465 x 10° BB pairs and make the
first observation of the decay mode. The measured branching fraction is Z(B° — KK*n*) =
(3.240.5(stat) =0.3(sys)) x 1076 and has been obtained using the ;Zlots technique [35] to es-
timate the efficiency-corrected signal distribution over the Dalitz plot. Quantitative statements
concerning the content of the Dalitz plot require a dedicated amplitude analysis. However it ap-
pears that there is no major contribution from an isospin partner of the fx (1500) decaying to KOK*
, which contrasts to the clear signal seen in BT — K"K~ 7" decays [32].

3.2 Observation of the rare decay B¥ — K* 797"

The decay Bt — K** 7 has currently the largest experimental uncertainty of all B — K*7x
decays. This pseudoscalar-vector decay could help to understand the puzzle in the related Kz
decays [4][5], where the measured branching fractions and CP violation pattern are incompati-
ble with the naive Standard Model expectation. Furthermore information on the Dalitz plot dis-
tribution may also help to clarify the interpretation of the inclusive time-dependent analyses of
BY — K797 [36][37].

The preliminary BABAR analysis of BY — K* 7970 decays [38] uses 471 x 10° BB events and ob-
serves an excess of signal with a significance above 10 standard deviations including systematic



Charmless B Decays Simon Sitt (on behalf of the BABAR Collaboration)

uncertainties and measures the branching fraction to be Z(B* — K™ 7%7%) = (15.5 4+ 1.1(stat) &
1.6(sys)) x 1075, The largest systematic uncertainties come from Probability Density Function
uncertainties and the uncertainty of the 7° reconstruction efficiency. The analysis is a first step
towards understanding the Dalitz plot structure.

3.3 Amplitude analysis of B — KKK decays

The decay mode B® — KYKYKY is of particular interest for time-dependent analysis, as the-

oretical uncertainties are very small [39] and it is experimentally very clean. Furthermore the
time-dependent CP violation parameters S and C can be extracted inclusively, as the final state is
CP definite[40]. Time-dependent analyses have been be performed by BABAR [41] and Belle [42].
Nevertheless there is no reason why the quasi-2-body parameters should be the same for all in-
termediate states (that are also CP definite) and an amplitude analysis would give insight into the
resonant content of the decay. Another particularity of the decay is that, due to angular momen-
tum conservation, only even-spin intermediate states are permitted. Hence an observation of the
fx(1500) resonance (compare to B — KYK*7z* analysis above), that has also been observed in
B? — K*K"K? and B* — K*K~K* decays by BABAR [43][44] and Belle [45], would make a
scalar nature more likely.
The preliminary BABAR amplitude analysis of B — KYKJKY decays [46] uses 468 x 10° BB pairs.
As a time-dependent amplitude analysis is not possible due to the limited statistics, this first am-
plitude analysis is time-integrated and CP blind. Due to the three identical bosons in the final state,
the amplitude, that is described using the isobar model, is completely symmetric and a unique po-
sition on the Dalitz plot is defined using the minimum and the maximum of the invariant masses.
BABAR finds contributions from f(980), fo(1710), £2(2010) and nonresonant decays and measures
the product branching fractions (2.691 45 £0.36+1.87) x 107°, (0.507555 +:0.04+:0.13) x 107°,
(0.541035 +0.03£0.44) x 1076 and (13.317333 +-0.55+£2.77) x 107 respectively. BABAR also
measures the total inclusive branching fraction 2(B? — KIK?KY) = (6.18 £0.4740.1440.06) x
10~°. The first quoted uncertainty on each branching fraction is statistical, the second is systematic
and the third corresponds to the Dalitz plot model uncertainties. The model uncertainties are dom-
inated by the poorly measured mass and width of the f,(2010) resonance [47]. There is a second
solution in the likelihood fit that is disfavored by almost two standard deviations and the branching
fractions have been calculated using the best solution. The isobar fractions and relative phases of all
contributions for both solutions are summarized in Tab. 2. The controversial fx(1500) resonance
does not need to be included in the signal model to describe the data. The peak in the invariant mass
between 1.5 and 1.6 GeV/c? can be described by the interference between the f5(1710) resonance
and the nonresonant component.

4. Conclusions and perspectives

With the data accumulated at the B factories, many rare charmless B decays are now accessi-
ble. The recent analyses of B — h* 7~ K*7z* decays add information on the polarization puzzle.
Concerning the measurements of B — 1/ X decays, there is some remaining discrepancy between
the BABAR and Belle results. Recent results in charmless hadronic 3-body B decays help to under-
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Table 2: Summary of measurements of isobar fractions (FF) and relative phases. The errors are statistical
only. The statistical significance has been estimated from the variation of the likelihood when removing the
resonances one by one from the fit (significance = /—2Alog.%).

Mode

Solution 1

Solution 2

FF £((980)K!
Phase [rad]fy(980)K?

Significance [c]fp(980)K?

0.20
0.4470 79
0.09 £ 0.16

33

0.22
1.03773
1.26 +0.17

FF f,(1710)K? 0.07"5:0; 0.0975:93
Phase [rad] fo(1710)K 1.11+£0.23  0.36+0.20
Significance [c]fp(1710)KY 3.7 -

FF £,(2010)K? 0.097503  0.104+0.02
Phase [rad] f,(2010)KY 2.50 £0.20  1.58 £0.22
Significance [c]f>(2010)KY 3.3 -
FFyoK? 0.07755  0.074+0.02
Phase [rad] xcoK? 0.63 £ 047 -0.24 +0.52
Significance [G]%cng 4.2 -

FF NR
Phase [rad] NR

Significance [6]NR

0.36
2. 151‘0.37
0.0
8.2

0.26
1.377059
0.0

Total FF

0.71
2'84t0.66

0.35
2.66703

limited and would benefit from next generation B factories.

stand the nature of the controversial fx (1500) resonance. All the presented results are statistically
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