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Using a data sample of 122 million YT(4S) — BB decays collected with BABAR detector at
the PEP-II asymmetric B factory at SLAC, we measure the time-dependent-asymmetry
parameters of the longitudinally polarized component in the B — pTp~ decay as Cf, =
—0.23 £ 0.24(stat) 4 0.14(syst) and S, = —0.19 & 0.33(stat) 4 0.11(syst). The B® —
p%p% decay mode is also searched for in a data sample of about 227 million BB pairs.
No significant signal is observed, and an upper limit of 1.1 x 10~% (90% C.L.) on the
branching fraction is set. The penguin contribution to the CKM angle o uncertainty is
measured to be 11°. All results are preliminary.
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1. Introduction

The time-dependent CP asymmetry in a b — utid decay of a B° to a CP eigenstate
allows for a measurement of the angle a = arg[—ViaVy/VaaVyy] if the decay is
dominated by the tree amplitude. The contribution from penguin diagrams gives
rise to a correction Aa = aeg — @ that can be inferred through an isospin analysis U
The recent experimental results 2 indicate a small penguin contributions in B — pp.
The CP analysis in B — pTp~ is complicated by the presence of three helicity
states. However, the measured polarizations in p*p~ and p*p° modes indicate a
dominance of the helicity 0 state (longitudinal polarization), that is a CP = +1
eigenstate. A measurement of the polarization in B® — p%p° would complete the
isospin triangle, but this mode has not been observed so for. Knowledge of the
B — p0p rate is still expected to be limiting factor to the accuracy of the «
measurement with pp decays.

In this paper, we present a time-dependent analysis of B — ptp~ based on a
sample of 122 million BB pairs, and a search for the p°p° final state on a sample
of 227 million BB pairs at BABAR.

2. Analysis Method

We reconstruct p™p~ candidates from combinations of two charged tracks and two
70 candidates. In the p°p° mode, the BY candidates are reconstructed from their
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decay products p° — w7~ with four charged tracks which are required to origi-
nate from a single vertex near the interaction point. The 7° candidates are formed
from pairs of photons that have measured energies greater than 50 MeV. The re-
constructed 7° mass must satisfy 0.10 < m,, < 0.16 GeV/c?. The mass of the
p candidates, m + 0, must satisfy |m,+0 — 0.770 GeV/c?| < 0.375 GeV/c?, and
the mass, M+, must satisfy 0.55 < m+,- < 1.0 GeV/c?. Combinatorial back-
grounds dominate near |cosf;| = 1, where 6;, i = 1, 2 is defined for each p meson as
the angle between the 7° (7) momentum in the p* (p°) rest frame and the flight
direction of the B in this frame, We reduce these backgrounds with the require-
ment —0.8 < cosf; < 0.98 in ptp~ modes and |cost;| < 0.99 in p°p° mode. Two
kinematic variables 3, AFE and mgs, allow the discrimination of signal B decays
from random combinations of tracks and 7° candidates. For p™p~ we require that
521 < mgs < 5.29 GeV/c? and —0.12 < AE < 0.15 GeV/c%. The asymmetric
AE window suppresses background from higher-multiplicity B decays. For p°p° we
require mgs > 5.24 GeV/c? and |AE| < 85 MeV/c?.

In order to reject the dominated quark-antiquark continuum background, we
require |cosfr| < 0.8, where 67 is the the angle between the B thrust axis and the
thrust axis of the rest of the events (ROE). The other event-shape discriminating
variables are combined in a neural network (N). The N's for pTp~ and p°p°
analysis weight the discriminating variables differently, according to training on
off-resonance data and the relevant Mote Carlo (MC) simulated signal events.

When multiple B candidates can be formed we select the one that minimizes
the sum of the deviations of the reconstructed 7° mass in p*p~ mode, while, for
pp°, one candidate is selected randomly. The selection efficiency is 7% (13%) for
the longitudinaly (transversely) polarized pT™p* signal, and it is 27% (32%) for the
p°p° signal. B in the event.

To study the time-dependent asymmetry one needs to measure the proper time
difference, At, between the two B decays in the events, and to determine the flavor
tag of the other B-meson. The time difference between the decays of the two neutral
B mesons (Brec, Biag) is calculated from the measured separation Az between
the Bre. and By.g decay vertices 2 The flavor of the Biag is determined with a
multivariate technique * that has a total effective tagging efficiency of (28.4+0.7)%.

An unbinned likelihood fit is finally performed on the selected event, a proba-
bility density function is built from discriminating variables, including the angular
distribution and the At-dependence. The signal decay-rate distribution fy (f-) for
Biag = BY (B?) is given by:

—|At)/T
F2 (A1) = ———[1 £ Sysin(AmaAt) F Cpeos(AmaAt)], (1)

where 7 is the mean BY lifetime, Amy is the B® — B® mixing frequency, and S,
and C}, are the C' P asymmetry parameters for the longitudinal polarized signal.
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Fig. 1. Confidence Level on « (solid curve) obtained for this results. The red dashed lines corre-
spond to the 68% (top) and 90% (bottom) confidence intervals.

3. Results

We measure the C'P violating asymmetries in the B® — p*p~ longitudinal compo-
nent decay on 122 million B°B° pairs. A detailed analysis of the background due to
other B decays is performed. The main systematic uncertainty on the asymmetries
is found to be the unknown CP violation in B background events. Our results are
S, = —0.1940.33(stat) £0.11(syst) and C, = —0.23£0.24(stat) £0.14(syst). With
a sample of 227 million B°B° pairs we have searched for the decay mode B — p°p°,
the measured value for the branching fraction is (0.547035+0.19) x 1076 or an upper
limit of 1.1 x 1075 at 90% confidence level (C.L.).

Using the Grossman-Quinn bound L
we limit |aes — ] < 11° (68% C.L.). Ignoring possible non-resonant contributions,
and I = 1 amplitudes 4 one can relate CP parameters S and Cf, to a, up to a
four-fold ambiguity. If we select the solution closest to the CKM best fit central

with the recent results @ on B — p*p°

value 8, with the new limit on the B® — p°p° rate we improve the constraint on o
due to the penguin contribution, the measured C'P parameters of the longitudinal
polarization correspond to o = (96 + 10(stat) + 4(syst) & 11(penguin))°. Figure [
shows the confidence level as a function of a from the isospin analysis.
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