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Charmless hadronic B decays into Vector, Axial Vector and Tensor

final states at BaBar
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We present experimental measurements of branching fraction and longitudinal polarization fraction in charmless
hadronic B decays into vector, axial vector and tensor final states with the final dataset of BABAR. Measure-
ments of such kind of decays are a powerful tool both to test the Standard Model and search possible sources

of new physics.

1. Introduction

In this document we present a short review of the
last experimental results at BABAR concerning charm-
less quasi two-body decays in final states containing
particles with spin 1 or spin 2 and different parities.
This kind of decays has received considerable theoret-
ical interest in the last few years [}, 2l B] and this par-
ticular attention has led to interesting experimental
results at the current b-factories. In fact, the study
of longitudinal polarization fraction f; in charmless
B decays to vector vector (VV), vector axial-vector
(VA) and axial-vector axial-vector (AA) mesons pro-
vides information on the underlying helicity structure
of the decay mechanism. Naive helicity conservation
arguments predict a dominant longitudinal polariza-
tion fraction f7, ~ 1 for both tree and penguin domi-
nated decays and this pattern seems to be confirmed
by tree-dominated B — pp [4] and BT — wp™ [b] de-
cays. Other penguin dominated decays, instead, show
a different behavior: the measured value of f;, ~ 0.5 in
B — ¢K* decays [0] is in contrast with naive Standard
Model (SM) calculations. Several solutions have been
proposed such as the introduction of non-factorizable
terms and penguin-annihilation amplitudes [[7], while
other explanations invoke new physics [§]. New modes
have been investigated to shed more light on the prob-
lem.

2. Helicity Amplitudes

The polarization fraction is extracted from data in-
troducing some angular information describing the de-
cay process. The easiest way to study angular distri-
butions is in terms of helicity amplitudes: total an-
gular momentum must be conserved in (Spin —0) —
(Spin —1)+ (Spin — 1) decays (similar arguments can
be used for (Spin —0) — (Spin — 1) + (Spin — 2) de-
cays), so orbital L must be 0, 1 or 2 while Tiot projec-
tion along the flight direction of the daughter mesons
must be equal to 0. This suggests that the helicities
of both daughter mesons must be the same (1, 0 or
-1); so the decay process can be described by three

different amplitudes A; Ay and A_;. The polariza-
tion of the two intermediate mesons can be commonly
measured introducing angular distributions as shown
in Fig. [] For 2-body decays we define the angle 6;
as the angle between the direction of the recoiling B
and the direction of one of the resonance daughters,
while for 3-body decays we use the angle between the
normal to the decay plane with respect tho the other
resonance daughter. Due to the limited number of ex-
pected signal events in charmless hadronic decays we
do not perform a full angular analysis of the decay and
we integrate on the angle ¢ between the two planes of
the decaying particles, leading to a non-trivial depen-
dence on a single parameter

Apl?
fo= 1|7|2
Zi:—l |Az|
We find these angular distributions for our decays:
dr ~
dcos 61dcos 02

B—-VV fL cos? 01 cos® O + ifT sin? 0; sin? 0
B — AA frsin?6;sin® 0, + i(l + cos? 01)(1+ cos? 02)

B—-VT fL% cos? 01 (3 cos? 0y — 1)2 + frsin® 0; sin? 63 cos? 6

where fr and fr =1 — f can be fitted from data.

3. Analysis Techniques

The results presented here are based on data col-
lected with the BABAR detector [9] at the PEP-II
asymmetric-energy eTe™ collider [[10], located at the
SLAC National Accelerator Laboratory. BB pairs are
recorded at the 7°(4S) resonance at a center-of-mass
energy of /s = 10.58 GeV.

Background in our analyses arises primarily from
random track combinations in continuum events
(eTe™ — qq, with ¢ = u,d, s, ¢), where a pair of light
quarks is produced. We reduce this background by
using optimized cuts on event shape variables, such
as the angle 61 between the thrust axis of the B can-
didate and the thrust axis of the rest of the event: the
distribution of |cosfr| is sharply peaked near 1 for
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Figure 1: Definition of the decay angles 61 and 02 given
in the rest frames of the decaying parents for 2-body and
3-body decays.

combinations drawn from jet-like continuum events
and is nearly uniform for BB events. Additional
cuts are applied on the invariant masses of the decay-
ing particles, the x? probability of the B vertex fit,
while we impose particle identification requirements
to ensure a good K /m/p separation. A B meson can-
didate is kinematically characterized by the energy-
substituted mass mgs = /(s/2 + py - PB)%/E: — p%
and energy difference AE = Ej — /s/2, where the
subscripts 0 and B refer to the initial 7°(4S) and the
B candidate in the laboratory frame, respectively, and
the asterisk denotes the 1°(4S5) frame. mgg and AFE
distributions are sharply peaked for signal, while they
are almost flat for ¢g background. Background can
also arise from BB events, which are taken into ac-
count with detailed Monte Carlo simulations.

Results are obtained extracting the number of sig-
nal events from an unbinned extended maximum-
likelihood (ML) fit with input variables mgs, AE, the
invariant masses of the decaying particles, the helicity
angles defined above and the output of a Fisher dis-
criminant (or a neural network) obtained combining
different event shape variables.

The likelihood function is:

hp N | hyp
‘C:e*(zg':lnj) H Znﬂ?j(xi) P (1)

i=1 | j=1

where NN is the number of input events, n; is the
number of events for the hypothesis j (signal or back-
ground) and Pj(x;) is the corresponding probability
density function (PDF), evaluated with the observ-
ables x; of the ith event.

4. Experimental Results

4.1. B® — a,(1260)*a; (1260)~

We present the first measurements of the branching
fraction and polarization in B® — afa; decays!, with
af decaying into three charged pions [L1]. For this
mode, the only available experimental information is
a branching fraction upper limit (UL) of 2.8 x 10~3
at 90% confidence level (CL) measured by CLEO [12],
while there are no experimental measurements of fr,
in B — AA decays. Theoretical expectations for
the branching fraction range from 37.4 x 107% [2] to
6.4 x 1075 [3], depending on the different approach
used, while fr, is predicted to be about 0.64 |2]. In
this decay mode we reconstruct B® — afay, with
af — p(770)7* and p(770) — 77—, We do not sep-
arate the P-wave (77), and the S-wave (77), compo-
nents in the a; — 37 decay; a systematic uncertainty
is estimated due to the difference in the selection effi-
ciencies. The fit results, presented in Tab.[l] are based
on an integrated luminosity corresponding to 423 !
(equivalent to (465 & 5) x 10° BB pairs).

Signal yield 545 £ 118
Signal yield bias +14

fr bias —0.06

S (o) 5.0

B (x1079) 47.34+10.5 +£6.3
fr 0.31 £0.22+£0.10

Table I Fitted signal yield and yield bias (in events), bias
on fr, significance S (including systematic uncertainties),
measured branching fraction B and fraction of longitudinal
polarization fr with statistical and systematic uncertain-
ties.

The significance is the square root of the difference
between the value of —21In L (with systematic uncer-
tainties included) for zero signal and the value at its
minimum. In this calculation we have taken into ac-
count the fact that the floating f; parameter is not
defined in the zero signal hypothesis. The measured
branching fraction and longitudinal polarization are
in general agreement with QCD factorization expec-
tations |2].

42. B — bV with V =p K*

We search for all charge combinations of decays of
a B meson to a final state containing a b; meson and
a p or K*(892) meson; both neutral and charged B

La1 notation will be used to indicate the a1 (1260) meson.
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decays have been considered [13]. No previous exper-
imental searches for these decays have been reported
before. Such B meson decays to charmless AV fi-
nal states are interesting to be studied experimentally
since they may be sensitive to penguin annihilation ef-
fects, which tend to enhance certain modes while sup-
pressing others. Branching fractions for AV modes
are substantial in several cases, as large as 33 x 1076
for the B® — b p* final state [2], so they should be
accessible at BABAR. Measurements described here
are based on an integrated luminosity of 424 fb™!,
equivalent to (465 + 5) x 10° BB pairs.

We reconstruct B-meson daughter candidates through
the decays by — wm (we assume this branching frac-
tion to be 100%), w — 77 7%, p* — 7t70 p° —
atn™, K - Ktr=, and K** — K+70 or K07 ™.
Results are summarized in Tab. [l We do not observe
any statistically significant signal for any of the eight
decay modes.

Mode Y Yo |S (o) B & U.L (1079)
by pt -33+10| 4+2 | — |-1.84+0.54+1.0(<1.4)
Wpt —18+5 |-4+2| — |[-3.0£09+1.8(<3.3)
bt p0 37425 | 844 | 04 | 1.5+1.5+22 (<5.2)
b9 p0 —8+£19|5+3 | — | -11+1.7777 (<3.4)
by K+t 17 | 24715 £1.0 (<5.0)
by Kif | 348 |—5+3| 09 18+1.9+1.4
_ P +1.0
brEGD | 1T£9 | 422 15 3.2+21%9
BOK*T 0.1 | 04%29139 (<6.7)
WK | —8+7 |-3+2| — -2.2+3.0%59
0 g *+
BIKGh 4 | 3%4 | 0£0 | 04 1.6+2.5+3.3
b K*0 55+£21 [15+8| 1.5 | 29+1.5+1.5 (<5.9)
b K*0 30+£15 |—6+3| 2.0 | 48+1.9%15 (<8.0)

Table II Signal yield Y (events) and its statistical uncer-
tainty, bias Yo (evts), significance S (including systematic
uncertainties) and central value of the branching fraction
B with associated upper limit (U.L.) at 90% C.L.

These results are in good agreement with the small
predictions from naive factorization calculations [3],
but they are much smaller than the predictions from
the more complete QCD factorization calculations [2].

43. B —wV with V =K*p, fo

We report measurements of B decays to the final
states wK™*, wp, and wfy(980), where K* includes
the spin 0, 1, and 2 states, K;(1430), K*(892), and
K3(1430), respectively [14]. The analyzed data sam-
ple corresponds to 465x10% BB pairs. We measure
the branching fractions for nine of these decays, five
are observed for the first time; where relevant signal
is found we also extract the direct CP-violating, time-
integrated charge asymmetry and fr. B-daughter

candidates are reconstructed through their decays

p° — wtr, fo(980) — ataT, pt — Al

K — Ktz K*t — K*'n%(K;% o), K*F —
K27T+(K;<Eﬂ+), w— atr 7% 7% — 44, and K, —

aT7~. In Tab. [IIl we show for each decay mode the
measured B, fr, and A.p, together with the quantities
entering into these computations. For decays with
K*T we combine the results from the two K* decay

channels, by adding their values of —21n L.

B (107%) B & UL (10=%)|S (o)
wK*(892)° |22406+0.2 - 4.1
wK*(892)t |244+1.040.2 3.8 2.5
w(Km)E0 184+1.8+1.7 - 9.8
w(Km)t 27.5+3.0+£2.6 - 9.2
wK2(1430)*0 [10.14+ 2.0+ 1.1 - 5.0
wK2(1430)*t [21.5+ 3.6 £ 2.4 - 6.1
wifo 1.04£0.340.1 1.5 4.5
wp? 0.84+0.54+0.2 1.6
wpt 1594+ 1.6+ 1.4 - 9.8

Ach fL

wK*(892)°  |40.45 £ 0.25 4+ 0.02|0.72 £ 0.14 4 0.02
wK*(892)t |40.29 £ 0.35 4+ 0.02|0.41 £ 0.18 4+ 0.05
w(Km)E° —0.07 + 0.09 £ 0.02 -
w(Km)sT —0.10 & 0.09 % 0.02 -
wK2(1430)*0 | -0.37 £ 0.17 4 0.02|0.45 £ 0.12 4 0.02
wK>(1430)*F | +0.14 4 0.15 4 0.02{0.56 4 0.10 & 0.04
wfo - -
wp? - 0.8 fixed
wpt —0.20 4 0.09 4 0.02{0.90 + 0.05 + 0.03

Table III Results for the modes presented in this section.
Up: central value of the branching fraction B with associ-
ated upper limit (U.L.) at 90% C.L. where available and
significance S. Down: charge asymmetry A, and polar-
ization fraction fr..

4.4, Bt — KOK**

We present measurements of the branching fraction
and longitudinal polarization for the decay BT —

K K*, with a sample of 467 + 5 million BB pairs
collected [15]. The decay B* — K*°K** occurs
through both electroweak and gluonic b — d pen-
guin loops and its branching fraction is expected to
be of the same order as B — K*CK*0: theorethical
predictions based on QCD factorization range from
(0.5F5210-2) x 1076 [16] to (0.6+0.140.3) x 1076 [2].
The B® — K*°K*0 branching fraction has been mea-
sured to be (1.281935 + 0.11) x 1076 [17], while an
upper limit at the 90% confidence level (C.L.) of
2.0 x 107°% has been recently placed on the B® —
K*~ K** branching fraction |18]. The previous exper-
imental upper limit on the B* — K*0K** branching
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fraction at the 90% C.L. is 71(48) x 107° [19], as-
suming a fully longitudinally (transversely) polarized
system. The BT — K*CK**t candidates are recon-
structed through the decays of K** — K7t and
K*t — K%t or K*t — Kt7% with KO — 7nt7—
and 70 — 7. The results of the ML fits are summa-
rized in Tab. [Vl

Final State
Yields (events):

K- nt Kg at K- ot Kt 70

Signal 6.9732 13.977¢
ML Fit Biases —0.12 0.08
Efficiencies and B:

(%) 11.44 £ 0.08 7.40 £ 0.08
[1B:(%) 15.37 22.22

fr 0.7270-2% +0.03 0.7910 22 £ 0.03
B (x107) 0.85106! £0.11 1.807 3 £0.16
B Significance S (o) 2.28 2.18
Combined Results:

fr 0.7570:2% +0.03

B (x1079) 1.240.5+0.1

B Significance S (o) 3.7

By, (x1079) 2.0

Table IV Results of the fit: signal yield and ML Fit biases,
efficiencies and B for single and combined results.

We compute the branching fractions B by dividing the
bias-corrected yield by the number of BB pairs, the
reconstruction efficiency € given the fitted fr,, and the
secondary branching fractions, which we take to be
2/3 for B(K** - K—nt) and B(K** — K°r1), 1/3
for B(K*t — K*rY), and 0.5 x (69.20 + 0.05)% for
B(K° - K% — ntn~). We see a significant excess
of events, but no 50 observation is found; all these
measurements are compatible with theoretical predic-
tions.
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