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We present preliminary measurements of time-dependent CP asymmetries in neutral B meson decays to w7~
and 77~ 7° final states, where the latter is measured in the region of the Dalitz plane dominated by the p

resonance. We also present preliminary measurements of the branching fraction for the decay Bt — =

70 and

an improved upper limit for B — 7%7%, both of which are needed to extract the CP parameter o from the time-
dependent CP asymmetry in the w7 m~ channel. These results are obtained from a data sample of approximately
88 million 7' (4S) — BB decays collected with the BABAR detector at the PEP-II asymmetric-energy B Factory

at SLAC.

1. Introduction

The Standard Model of electroweak inter-
actions describes CP violation as a conse-
quence of a single complex phase in the three-
generation Cabibbo-Kobayashi-Maskawa (CKM)
quark-mixing matrix [1]. The agreement between
the direct measurements of the CP parameter
sin2( reported at this conference [2,3], and the
Standard Model prediction based on indirect con-
straints on the magnitudes of the elements of
the CKM matrix, is strong evidence that the
Kobayashi-Maskawa mechanism is the dominant
source of CP violation in flavor-changing pro-
cesses. One of the primary goals of the B-Factory
experiments in the future will be to measure the
remaining angles (o and ) of the Unitarity Trian-
gle in order to further test whether the Standard
Model description of CP violation is correct.

In B decays to 7t7n~ and 7+ 7~ 70 final states,
the time-dependent CP asymmetry is related to
the angle a = arg [V, Vi1 /V, q4Vip]. The final
state 7T~ is a CP eigenstate and the decay rate
distribution fy (f-) when the second B meson
(Btag) is identified as a B (BY) is given by [4]
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where 7 is the mean BP lifetime, Amyg is the mix-
ing frequency due to the eigenstate mass differ-
ence, and At is the difference in proper decay
times between the reconstructed meson and the
tagging meson Biag. The parameters S, and
Crr are defined as
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and vanish in the absence of CP violation. If the
decay proceeds purely through the b — wu tree
amplitude, the complex parameter A is given by
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In this case Crr = 0 and Sy, = sin2a. In general,
the b — d gluonic penguin amplitude modifies
both the magnitude and phase of A, so that C #
0 and Srr = /1 — C2_sin2aes, where aeg de-
pends on the magnitudes and relative strong and
weak phases of the tree and penguin amplitudes.
In this case, measurements of the branching frac-
tions for the decays BY — 7t #? and B® — 7970
can be used to extract a from a measurement of
Qleff [5,6].

Since the final state pTn~ is not a CP eigen-
state, four possible decay paths must be consid-
ered: B°(B°) — pTnT. In this case, the decay
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Table 1

Average tagging efficiency e, average mistag fraction w, mistag fraction difference Aw = w(B%) —w(B?),
and effective tagging efficiency Q = ¢(1 — 2w)? for signal events in each tagging category. The quantities

are measured in the Bg,, sample.

Category e (%) w (%) Aw (%) Q (%)
Lepton 91 £+ 0.2 33 &+ 07 —-16 =+ 1.3 80 £ 0.3
Kaon I 16,6 + 0.2 95 4+ 07 -28 + 13 107 + 04
KaonII 198 4+ 03 206 + 08 —-53 £+ 1.3 6.7 £+ 04

Inclusive 20.1 £+ 03 31.7 £ 09 -26 =+ 14 2.7 £+ 0.3

Untagged 344 £ 0.5

Total @ 284 + 0.7

rate distributions can be written as [7]
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where T indicates the flavor of Biag (B® =
+1, BY = —1). The parameters S,, and C,,
are analogous to S;, and C,, and are sen-
sitive to « and direct CP violation, respec-
tively. The time-integrated asymmetry A7, =
[Nytr- = Nyt |/ [Nyt n- + Njsrn—| also mea-
sures direct CP violation, but independent of the
flavor of Byae. The parameters AC,, and AS,;
are intrinsically CP invariant. The asymmetry
between N(BJ, — ptn™) + N(BY, — p~ =)
and N(B), — p~7nt) + N(B), — ptn™) is de-
scribed by AC,., while AS,, is sensitive to the
strong phase difference between the amplitudes
contributing to B® — pm decays.

The results reported here are described in more
detail in separate papers [8] submitted to this con-
ference.

2. Common Analysis Issues

At the 7(45), BB events can be distinguished
from continuum ¢g production using two kine-
matic variables, the difference AE between the
center-of-mass (CM) energy of the B meson can-
didate and /s/2, and the beam-energy substi-
tuted mass mps = /(s/2+ pi - pp)?/E? — p%,

where /s is the total CM energy, and the B mo-
mentum pg and the four-momentum of the ini-
tial state (E;,p;) are defined in the laboratory
frame. For signal decays mgs peaks near the B
mass and AFE peaks near zero when the correct
mass hypothesis is assigned to all daughter par-
ticles. When there is ambiguity, as in the decay
BY — hth™ with h = 7 or K, we use the pion
mass when calculating four-momenta, which re-
sults in a shift of —45MeV in AFE for each kaon
in the decay.

Identification of charged tracks as pions or
kaons is accomplished with the Cherenkov an-
gle measurement 6. from a detector of internally
reflected Cherenkov light [9]. We use the infor-
mation on 6. directly in our maximum likelihood
fits, which allows simultaneous measurement of
at(r=/K7), n%(xt/K"), and pt (7= /K~) de-
cays. The typical separation between pions and
kaons varies from 8oy, at 2GeV/c to 2.509, at
4GeV/e.

The dominant background to charmless B de-
cays is from the process ete”™ — ¢7 (¢ =
u,d,s,¢). To suppress this background, we
use multivariate techniques that discriminate be-
tween the jet-like topology of ¢ events and the
more spherical topology of BB events. For the
analysis of 77~ 7" decays we use a neural net-
work, while the remaining analyses use a Fisher
discriminant.

We use a multivariate technique [2] to deter-
mine the flavor of the Bi,, meson. Separate
neural networks are trained to identify primary



leptons, kaons, soft pions from D* decays, and
high-momentum charged particles from B de-
cays. Events are assigned to one of five mu-
tually exclusive tagging categories based on the
estimated mistag probability and the source of
the tagging information. Table 1 summarizes the
tagging performance measured in a data sample
By of fully reconstructed neutral B decays to
D&~ (xt, p*, af).

The time difference At is obtained from the
known boost of the ete™ system and the mea-
sured distance between the z positions of the B
candidate and the By,g decay vertices. A detailed
description of the algorithm is given in Ref. [10].
We determine the parameters of the signal res-
olution function from a fit to the Bg,, sample
(including events in all five tagging categories),
while the form of the background At distribution
is obtained from a signal-free region in data.

3. Analysis of B¢ — nT7—

We analyze the decays B® — ntn—, Kt7n—,
KT K~ simultaneously. Event yields are obtained
from an unbinned extended maximum likelihood
fit using mgs, AFE, the Fisher discriminant, and
0. measurements for each track. We include sep-
arate components for K+t7~ and K~7t in order
to measure the direct CP asymmetry AXZ. The
parameters of the background PDFs are obtained
directly from the data, while signal parameters
are determined from a mix of GEANT4 Monte Carlo
simulation and control samples in data. Figure 1
shows distributions of mgg and AFE for subsam-
ples of events enriched in 77 and K7 decays using
probability ratios. The results are summarized in
Table 2. The dominant sources of systematic er-
ror on the branching fraction measurements are
from uncertainty in track and 6. reconstruction
efficiencies and imperfect knowledge of the PDF
shapes. For AKZ the systematic error is domi-
nated by the 6. PDF shape and possible charge
bias in track reconstruction.

The parameters S, and C, are obtained from
a second fit including tagging and At informa-
tion. The At PDF for signal m#*7~ decays is
given by Eq. 1, modified to include wy and Awy
for each tagging category and convolved with the
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Figure 1. Distributions of mgg and AFE for events
enhanced in signal (a), (b) 7#t7~ and (c), (d)
K¥7#% decays. Solid curves represent projections
of the maximum likelihood fit, dashed curves rep-
resent qG and 7w < K7 cross-feed background.

signal resolution function. The At PDF for sig-
nal Kt7~ events takes into account B~B° mix-
ing based on the charge of the kaon and the fla-
vor of Bi,e. As a means of validating the anal-
ysis technique, we determine 7 and Amyg using
signal 7t7~ and K7~ decays and find 7 =
(1.56 £ 0.07) ps and Amg = (0.52 4 0.05) ps~ 1.
The fit yields

Srr = 0.02+£0.34 (stat) £ 0.05 (syst)
Crr —0.30 £ 0.25 (stat) 4 0.04 (syst),

where the correlation between S, and Ci, is
—10%. Systematic uncertainties on Sy, and Cr
are dominated by imperfect knowledge of the
PDF shapes and possible fit bias. Figure 2 shows
distributions of At for events with Biae tagged as
BY or B, and the asymmetry as a function of At
for tagged events enhanced in signal 77 decays.
We find no evidence for large mixing-induced, or
direct CP violation, as reported in [13].



Table 2

Summary of results for total detection efficiencies, fitted signal yields Ng, charge-averaged branching
fractions B, and CP asymmetries Acp = [N5o — Npo|/[Ngo + Npo] for various charmless two-body B
decays. Branching fractions are calculated assuming equal rates for 7(4S) — B°BY and BYB~. The
upper limit yields and branching fractions for 77 7% and K+ K~ correspond to the 90% C.L. All results
are consistent with similar measurements from other experiments [11].

Mode Efficiency (%) Ng B(10-°) Acp

Tt 38.0+0.8 157+19+7 47+06+0.2

0 26.1+ 1.7 12572 +£10 55700406 —0.037018 +0.02
7070 16.5+ 1.7 23750 (< 46) <36

Ktn~ 375408 589430417 17.9+0940.7 —0.10240.050+ 0.016
K*n0 215+ 1.5 239720 +6 12.8712+£1.0 —0.09 4+ 0.09 + 0.01
KtK~ 362408 1+8(< 16) <0.6
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Figure 2. Distributions of At for events enhanced
in signal 77 decays with By, tagged as (a) B°
(Npo) or (b) B® (Nz,), and (c) the asymmetry
[NBo — Ngo} / [NBo + Ngo} as a function of At.
Solid curves represent projections of the maxi-
mum likelihood fit, dashed curves represent the
sum of ¢ and K= background events.

3.1. Constraining |oes —

The isospin relationship between the final
states 7tn—, 7tnY and 770 allows the de-
termination of a given a measurement of .
Assuming isospin invariance, the shift in « is
bounded by the relation sin?(aeg — ) < B(B® —
7070)/B(BT — 7t 70) [6], where the branching

fractions are averaged over B°/B° and BT /B~.
Details of the branching fraction measurements
are reported elsewhere [8], and summarized in
Table 2. Including correlations and system-
atic errors, we find BR(B® — #%7%)/B(BT —
7t7%) < 0.61 at 90% C.L., which corresponds to
|t — o] < 51°.

4. Analysis of B — ptn—

A clean determination of a from the decay
BY% — 7t7~ 70 can only be accomplished with a
full Dalitz analysis, including resonant and non-
resonant contributions. However, a full analysis
requires significantly more data than is currently
available. We therefore restrict ourselves in this
analysis to the regions of the Dalitz plane domi-
nated by the p resonance, and we analyze pm and
pK decays simultaneously.

Due to the presence of a neutral pion, there
is a significant background from other B decay
modes which can fake the pr final state. We have
investigated more than 80 decay modes and iden-
tified 20 charmless decays which have more than
one event entering the final sample. These decays
are parameterized and included in the maximum
likelihood fit. We also include contributions from
misreconstructed signal events and continuum ¢q
background.

The fit technique is similar to the one used
in the 7t7~ analysis. We find 413732 pr and
147132 pK candidates and measure the following



CP parameters

S,r = 0.16 £0.25 (stat) £ 0.07 (syst),
Cpr = 0457075 (stat) & 0.09 (syst),
APT = —0.22 £ 0.08 (stat) £ 0.07 (syst),
AP = 0.1940.15 (stat) & 0.11 (syst),

and the CP invariant quantities

AS,: = 0.15+£0.26 (stat) £ 0.05 (syst),
AC,x 0.3870-29 (stat) & 0.11 (syst).

The dominant source of systematic error in this
analysis is from uncertainty in the level of back-
ground from other B decays, and in the param-
eterization of the PDFs for those decays. Fig-
ure 3 shows distributions of At for events with
Biag tagged as B? or BY, and the asymmetry as
a function of At for tagged events enhanced in
signal pm decays.

REFERENCES

1. N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963);
M. Kobayashi and T. Maskawa, Prog. Th.
Phys. 49, 652 (1973).

2. BABAR Collaboration, B. Aubert et al.,
SLAC-PUB-9293, hep-ex/0207042, to appear
in Phys. Rev. Lett.

3. BELLE Collaboration, K. Abe et al., hep-
ex,/0208025, submitted to Phys. Rev. D .

4. For a general review of the formalism see Y.
Nir and H. Quinn, Ann. Rev. Nucl. Part. Sci.
42, 211 (1992).

5. M. Gronau and D. London, Phys. Rev. Lett.
65, 3381 (1990).

6. Y. Grossman and H.R. Quinn, Phys. Rev.
D 58, 017504 (1998)

7. R. Aleksan, I. Dunietz, B. Kayser, and F. Le
Diberder, Nucl. Phys. B 361, 141 (1991).

8. BABAR Collaboration, B. Aubert et al.,
SLAC-PUB-9310, hep-ex/0207063; SLAC-
PUB-9304, hep-ex/0207065; SLAC-PUB-
9303, hep-ex,/0207068.

9. The BABAR detector is described in B. Aubert
et al., Nucl. Instr. and Methods A 479, 1
(2002).

10. BABAR Collaboration, B. Aubert et al.,

B’ l‘ags‘

Events / 1ps
8

Events / 1ps
-
=i
>

)
i q‘a 1
I, «TNTA SR AT S RIATUTARTIL NTA INTTA INTTA ISR INTTA AT

o
7}
QU [T T[T T TTgrT T[T [T [T [T T

B"B

b
-10 -8 -6 -4 -2 0 2 4 6 8 10
At(ps)

Figure 3. Distributions of At for events enhanced
in signal pr decays with Bi.e tagged as (a) B°
(Npo) or (b) B° (Ng,), and (c) the asymmetry
[NBo — NEO] / [NBo + Ngo] as a function of At.
Solid curves represent projections of the maxi-
mum likelihood fit, dotted curves represent back-
grounds from BB events, and dashed curves rep-
resent the sum of ¢g and BB background events.

SLAC-PUB-9060, hep-ex/0201020, to appear
in Phys. Rev. D .

11. BELLE Collaboration, B.C.K. Casey et al.,
hep-ex /0207090, submitted to Phys. Rev. D ;
CLEO Collaboration, D. Cronin-Hennessy et
al., Phys. Rev. Lett. 85, 515 (2000); CLEO
Collaboration, S. Chen et al., Phys. Rev. Lett.
85, 525 (2000).

12. Particle Data Group, K. Hagiwara et al.,
Phys. Rev. D 66, 010001 (2002).

13. Belle Collaboration, K. Abe et al., Phys. Rev.
Lett. 89, 071801 (2002).



