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B meson decays to charmless meson pairs containing 7 or 17/ mesons
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We present updated measurements of the branching fractions for B® meson decays to nK°, 1, n¢,
no, n'K° n'n’, n'¢, and n'w, and branching fractions and CP-violating charge asymmetries for B*
decays to part, nK*, n/mrt, and 9’K*. The data represent the full data set of 467 X 10° BB pairs
collected with the BABAR detector at the PEP-II asymmetric-energy e e~ collider at the SLAC National
Accelerator Laboratory. Besides large signals for the four charged B decay modes and for B* — 7'K°, we
find evidence for three B® decay modes at greater than 3.0 significance. We find B(B® — nK?°) =

PHYSICAL REVIEW D 80, 112002 (2009)

(1.157043 £ 0.09) X 1076,

B(B* — nw) = (094743 £ 0.09) X 107, and

BB — n'w) =

(1.01524% + 0.09) X 107, where the first (second) uncertainty is statistical (systematic). For the B* —
nK™* decay mode, we measure the charge asymmetry A ,(B* — nK*) = —0.36 = 0.11 = 0.03.

DOI: 10.1103/PhysRevD.80.112002

Experimental measurements of branching fractions and
CP-violating charge asymmetries in rare B decays play an
important role in testing the theoretical predictions of the
standard model and its extensions. We report the results of
branching fraction measurements for B meson decays to
nK°, nn, né, nw, n'K°, n'n’, n'¢, and n'w final states
and of branching fraction and charge asymmetry measure-
ments for B decays to n7w*, nK*, n'#", and n’K* [1].
We search for charge asymmetry by measuring
r--r+
r-+r+’
where I'* = I'(B* — f~) is the decay width for a given
charged final state f=. These branching fraction and charge
asymmetry measurements represent an improvement over
previous results published by BABAR [2] and Belle [3].

The branching fractions and charge asymmetries of the
charmless hadronic B decays are predicted using ap-
proaches based on QCD factorization [4-7] and flavor
SU(3) symmetry [8—10]. These B decays proceed through
loop (penguin) and suppressed tree diagram amplitudes, as
shown in Fig. 1. The branching fraction and charge asym-
metry measurements may provide sensitivity to the pres-
ence of heavy nonstandard model particles in the loop
diagrams [11]. The measured 'K branching fraction is
found to be much larger than the nK one [2,3]. Many
suggestions have been proposed to explain such a differ-
ence, including flavor singlet enhancement [12], intrinsic
charm [13], and constructively interfering internal penguin
diagrams [14,15]. This last approach is supported by next-
to-leading order QCD factorization calculations [6].

The CP-violating parameters S,k and S 4, measured in
the time-dependent analysis of 'K and ¢ K° decays [16],
are expected to equal S,z = sin23, where Sz is mea-
sured in the Cabibbo-Kobayashi-Maskawa (CKM) favored
b — ccs decays, if penguin b — s transitions are domi-
nant. However, CKM-suppressed amplitudes and color-

An= (D

PACS numbers: 13.25.Hw, 11.30.Er, 12.15.Hh

suppressed tree diagrams can introduce additional weak
phases whose contributions may not be negligible
[6,17,18]. As a consequence, deviations from sin23 may
occur even within the standard model. Rates of the decay
modes to nm, nd, n'n’, and 5’ P are used in flavor SU(3)-
based calculations of the [S .z, — S| (with f = 'K, $K)
bound [17]. This bound may be improved by more precise
measurements of the branching fractions of these modes.

The charge asymmetry is expected to be sizable in nK*
and suppressed in 'K decays [6,9,19]. However, differ-
ent approaches predict the two asymmetries to have the
same [9] or opposite [6] signs; precise measurement of
such asymmetries can discriminate between these models.
Furthermore, the charge asymmetries in p’7* and n7*
decays are expected to be sizable [6,9], with model-
dependent predictions for their magnitudes.

W+ w+
b s b s
' K+
s u
Bt U,C,t g Bt U,C,t g
s u
K+ Ul
u U U u
(a) (b)
U
K+
Wt S
B* “o B*
u u
(©)
FIG. 1. Examples of Feynman diagrams involved in decays

studied in this paper: (a), (b) penguin diagrams, (c) Cabibbo-
suppressed tree diagram, (d) gluonic penguin diagram.
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The results presented here are based on the full data set
collected with the BABAR detector [20] at the PEP-II
asymmetric-energy ete~ collider located at the SLAC
National Accelerator Laboratory. An integrated luminosity
of 426 fb~!, corresponding to Nz = 467 X 10° BB pairs,
was recorded at the Y'(4S) resonance (center-of-mass en-
ergy /s = 10.58 GeV). A further 44 fb~! was collected
approximately 40 MeV below the resonance (off-peak) for
the study of the e" e~ — ¢gg background, where g is a u, d,
s, or ¢ quark.

Charged particles are detected, and their momenta mea-
sured, by a combination of a vertex tracker, consisting of
five layers of double-sided silicon microstrip detectors, and
a 40-layer drift chamber, both operating in the 1.5 T mag-
netic field of a superconducting solenoid. We identify
photons and electrons using a CsI(Tl) electromagnetic
calorimeter (EMC). Further charged-particle identification
(PID) is provided by the average energy loss (dE/dx)
measurements in the tracking devices and by the informa-
tion provided by an internally reflecting ring-imaging
Cherenkov detector (DIRC) covering the central region.

We select 1, 7', ¢, p°, K9, o, and 7° candidates
through the decays n — yy (7,,), n — at a7 (n3,),
n' = pmta with n—yy (). 1= p%y (n,y),
¢p—K'K, ploam, Ki—oatm,
7t 7 7Y, and 7° — yy. We do not study the decay B® —
n'n’ with both n’ mesons decaying to py, because it
suffers large backgrounds. Requirements applied to the
photon energy E, and to the invariant mass of the B
daughters are listed in Table 1. The requirements on the
1 and 71 invariant masses depend on the decay mode.
Branching fractions of charged B decays with 5’ in the
final state and of B® — 7'K? are higher than those of the
other neutral B modes. In neutral decay modes we apply a
tighter requirement on 73, invariant mass in order to

w —

TABLE I.
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prevent possible contamination from BB background.
The different requirements on the n’ mass increase the
purity of the charged B and 7'K9 modes and enhance the
selection efficiency for the other neutral B decay modes.
The energy (momentum) of the 7% (n) candidates is re-
quired to exceed 200 MeV (200 MeV/¢) in the laboratory
frame. The prompt charged tracks in B* — n/#* and
secondary charged tracks in 7, 1/, and w candidates are
required to have DIRC, dE/dx, and EMC signatures con-
sistent with the pion hypothesis. After selection, we con-
strain the 1, ', and 7° masses to their world average
values [21]. The prompt charged track in B* — n'K™" is
required to be consistent with the kaon hypothesis. The
signatures for the charged kaons from ¢ decays are re-
quired to be inconsistent with hypotheses for electrons,
pions and protons. For the prompt charged track in B
decays to nK* and nor*, we define the variables Cx and
C, as

meas __ QCXp
o 61(,77 0[(,77

C Ko ™ meas 4 (2)
O-K,’iT

where 0% (0") is the measured (expected) DIRC
Cherenkov angle and o%® is its uncertainty, for the
kaon and pion hypothesis, respectively. We require —3 <
Cx <13 and —13 <(C, < 3. For Kg candidates we require
a vertex x> probability larger than 0.001 and a recon-
structed decay length greater than 3 times its uncertainty.

We reconstruct the B meson candidate by combining the
four-momenta of the final state particles and imposing a
vertex constraint. A B meson candidate is kinematically

characterized by the energy-substituted mass mgg =

\/s/4 — pj and energy difference AE = E — § /5, where

(Epg, pp) is the B-meson four-momentum vector expressed

Selection requirements on the invariant masses of the signal resonances and on the

laboratory energies of the photons coming from their decays.

State Invariant mass (MeV/c?) E, (MeV)
0 120 < m,,,, < 150 >30
Prompt 7., 505 <m,, <585 >100
Secondary 7, 490 < m,,, < 600 >50"
13, in BT decays 534 < m, . <561 e
N3, in B® decays 535 <M, <555

Nyar in B and B — 7/KY decays 945 < m, . <970

Nyar in other B® decays 930 < m,pr <990 e
7, in B* decays 930 < m,,, <980 >200
7, in B® — 7/, K} 930 < m,, <980 >100
7}, in other B" decays 910 < m,, <990 >200

o0
w

¢
Ks

470 < m.,. < 990
735 <m,,, <825
1012 < my- - < 1026
486 <m,,, <510

*E, > 100 MeV in the B* — 0}, K" and B* — 7). 7" decay modes.
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in the Y'(4S) rest frame. For signal events, the mgg and AE
distributions peak around 5.28 GeV/c? and zero, respec-
tively. We require 5.25 < mpg < 5.29 GeV/c? and |AE| <
0.2 GeV for all decay modes except B — 1KY, where we
require —0.15 < AE < 0.2 GeV in order to suppress most
of the background from radiative B decays.

Backgrounds arise primarily from random combinations
of tracks and neutral clusters in e*e~ — ¢g continuum
events. We use large samples of Monte Carlo (MC) simu-
lated [22] events and control samples to optimize criteria to
suppress the background. We reject continuum events by
using the angle 61 between the thrust axis of the B candi-
date in the Y'(4S) frame and that of the rest of the event.
The thrust axis of the B candidate is given by the thrust axis
of the B decay products. The distribution of |cosfy| is
sharply peaked near 1.0 for jetlike gg pair events and is
nearly uniform for Y(4S) — BB events. We require
|cosfr| <0.9 (0.85 for 7),,7", 0.8 for 7,,w and
n)y®). To discriminate against 7-pair and two-photon
backgrounds, and to better describe the event shape, we
require the event to contain at least three charged tracks, or
one track beyond the minimum required for the signal
decay topology, whichever is larger.

In n — yvy (¢) decays, we define .7-[,7 (3—[¢) as the
cosine of the angle between the direction of a daughter y
(K) and the flight direction of the parent of 7 (¢) in the 7
(¢p) rest frame; for 1;;37, 3’-[p is the cosine of the angle
between the direction of a daughter pion and the flight
direction of the n’ in the p rest frame. For B decays
containing an @ meson in the final state we define HH
as the cosine of the angle between the B recoil direction
and the normal to the plane defined by the w daughters in
the w rest frame. We require I.’]-[,,I <0.95 in B — nq
decay modes. We reject candidate events if |H ,| > 0.9
(>0.75 in the B* — 7}, 7" decay mode).

For the B — . K} (B — n,,h", h" =K*, 7")
decay, the main source of BB background is the B® —
7K (BT — 7°h™) decay. To suppress this background,
we search for 7° candidates with a photon in common
(overlapping) with the n candidate from the reconstructed
signal B candidate. We require the 77° mass not to be in the
range (0.117,0.152) GeV/c?* for the B® — 7., K9 decay
mode, and (0.118,0.150) GeV/c? for the B* — n,,h*
decay modes. Further suppression of this background is
obtained with suitable requirements on | H nl and on the
energy of the second (nonoverlapping with 1) 77° photon
(E%"d). We optimize these requirements by maximizing
S/+/S + B, where S (B) is the number of signal (back-
ground) events surviving the selection. We find the optimal
criteria to be | H',, | < 0.966 and E2" < 0.207 GeV for the
B° — 7, K? decay mode, and | H | < 0.977 and E2M <
0.143 GeV for the B* — 7,,,h" decay modes.

We find a mean number of B candidates per event in the
range 1.0-1.4, depending on the final state. Signal events

PHYSICAL REVIEW D 80, 112002 (2009)

are divided into two categories: a correctly reconstructed
(CR) signal where all candidate particles come from the
correct signal B, and a self cross-feed (SCF) signal where
at least one candidate particle is exchanged with a particle
coming from the rest of the event. Simulations show that
the fraction of SCF candidates is in the range (3—7)% in
charged B decay modes and (2-20)% in neutral B decay
modes. If an event has multiple B candidates, we select the
candidate with the highest B vertex y” probability, deter-
mined from a vertex fit that includes both charged and
neutral particles [23]. This algorithm selects the correct
candidate, if present, with an efficiency of (91-99)% and
introduces negligible bias.

We obtain yields from unbinned extended maximum-
likelihood (ML) fits. The main input observables are AE,
mgs, and a Fisher discriminant F [24]. Where relevant, the
invariant masses m,., of the intermediate resonances and
angular variables JH are used. The Fisher discriminant
combines five variables: the angles with respect to the
beam axis of the B momentum and B thrust axis, the zeroth
and second angular moments L, of the energy flow about
the B thrust axis, and the absolute value of the continuous
output of a flavor-tagging algorithm. The first four varia-
bles are evaluated in the Y'(4S) rest frame. The moments
are defined by L, =Y p, X |cosé,|", where 6 is the
angle with respect to the B thrust axis of track or neutral
cluster s with momentum p,, and the sum excludes the B
candidate. Flavor-tagging information is derived from an
analysis of the decay products of the non-signal candidate
B meson (By,), using a neural network based technique
[25]. The output value of the tagging algorithm reflects the
different final states identified in By, decay. In particular,
the presence of a lepton in the final state usually results in a
large tagging output value, for both B°B® and BB~
events. Since leptons are not generally present in contin-
uum background events, the inclusion of the tagging algo-
rithm output in F improves its discriminating power
between continuum background and BB events. The coef-
ficients of F are chosen to maximize the separation be-
tween the signal and the continuum background. They are
determined from studies of MC signal events and off-peak
data.

The set of probability density functions (PDF) used in
the ML fits, specific to each decay mode, is determined on
the basis of studies with MC samples. We estimate BB
backgrounds using MC samples of B decays. Where
needed, we add components to account for BB background
events with a mgg or AE distribution that peaks in the
signal region and for background from B meson decays
with charmed particles in the final state.

The extended likelihood function is

L = exp(— inj) i]

j=1 i=1

I:Jil nj,-Pj(Xi)]: (3)
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where N is the number of input events, n; is the number of
events for hypothesis j (j = 1 for signal, j = 2 for con-
tinuum background, and j = 3 for BB background), and
P;(x;) is the corresponding PDF evaluated with the ob-
servables x; of the ith event. In the B — n'w, 5'¢, and
n),y@ decay modes the signal includes both the CR and
SCF signal components with the SCF fraction fixed to the
value estimated from simulation. Because of the similar
kinematics and branching fractions of the nK* and na*
decay modes, we perform a combined fit to extract the two
signal yields and charge asymmetries. In this fit we use the
Ck and C,, variables to discriminate the mass hypothesis of
the prompt track. Since the correlations among the observ-
ables in the data are small, we assume each P ; to be the
product of the PDFs for the separate variables. Correlations
between the nK ™" and p7™" signal yields (charge asymme-
tries) are below 5% (7%).

We determine the PDF functional form and parameters
from MC simulation for the signal and BB backgrounds,
and from sideband data (5.25 < mgg < 5.27 GeV/c?;
0.1 <|AE| <0.2 GeV) for the continuum background.
For B* — nh™ decay modes, PDF functional form and
parameters for the continuum background are determined
using off-peak data. We parameterize each of the functions
P\ (mgs), P,(AE), P;(F), and the peaking components of
P ;(m,es) with either a symmetric or a bifurcated Gaussian,
the sum of two symmetric or bifurcated Gaussian shapes, a
bifurcated Gaussian distribution with exponential tails [26]
or a Crystal Ball function [27], as required to describe the
distribution. Slowly varying distributions (.., and AE for
the continuum background, and angular variables) are
represented by linear or quadratic functions. For the con-
tinuum background, the mgg distribution is described by
the ARGUS function [28]. Large data control samples of B
decays to charmed final states of similar topologies are
used to verify the simulated resolutions in mgg and AE.
Where the control samples reveal differences between data
and MC samples in mass (energy) resolution, we correct
the mean and scale the width of the mass (energy) distri-
bution used in the likelihood fits.

The validity of the fit procedure and PDF parameteriza-
tion, including the effects of unmodeled correlations
among observables, is checked with simulated experi-
ments. This is done by embedding a number of signal
and peaking BB background events from fully simulated
MC samples and by drawing a number of ¢ and charm BB
events from PDFs, according to the values found in the
data. In each fit the free parameters are the yields, the
charge asymmetry for the signal and continuum back-
ground, and several parameters describing the AE, mgg,
and F distributions of the continuum background. A sys-
tematic uncertainty due to fixing signal and background
parameters in the fit is accounted. The charge asymmetry
for BB background is fixed to zero in the fit. A systematic is
evaluated to account for this restriction.

PHYSICAL REVIEW D 80, 112002 (2009)

Tables II and III show, for B® and B™ decays, respec-
tively, the measured yields, fit biases, efficiencies, and
products of daughter branching fractions for each decay
mode. The efficiency is calculated as the ratio of the
number of signal MC events after the event selection to
the total generated, and is corrected for known differences
between simulations and data. We compute the branching
fractions from the fitted signal event yields, reconstruction
efficiencies, daughter branching fractions, and the number
of produced B mesons Nz, assuming equal production
rates of charged and neutral B pairs from Y'(4S) decays. We
correct the yields for any bias measured with the simula-
tions. We combine results from different subdecays by
adding the values of —21In(L/L,..) (parameterized in
terms of the branching fraction or charge asymmetry),
where L, is the value of L at its maximum, taking
into account the correlated and uncorrelated systematic
errors. We report the branching fractions for the individual
decay channels and their significances S in units of stan-
dard deviations (o). For B — 1K} and all charged decay
modes, where the significance of the branching fraction is
always greater than 70, the value of S is omitted. For the
combined measurements we also report the 90% confi-
dence level (CL) upper limits of the branching fraction
for the B” modes where the significance is less than 5. For
charged B decays we give the combined result for the
charge asymmetry A, and its significance S 4 in units
of 0.

The statistical uncertainty on the signal yield and charge
asymmetry is calculated as the change in the central value
when the quantity —2 In L increases by one from its mini-
mum. The significance is calculated as the square root of
—21In(Ly/ Lx), With systematic uncertainties included,
where L is the value of L for zero signal events or zero
value for the charge asymmetry. We determine a Bayesian
90% CL upper limit on the branching fraction, assuming a
uniform prior probability distribution, by finding the
branching fraction below which lies 90% of the total of
the likelihood integral in the positive branching fraction
region.

Figures 2 and 3 show the projections onto the mgg and
AE variables for the four neutral decay modes that have a
branching fraction significance greater than 3o, and for the
four charged decay modes, respectively. For each decay
mode we optimize a requirement on the probability ratio
P,/(P, + P, + P5) in order to enhance the visibility of
the signal. The probabilities P; are evaluated without
using the variable shown. The points show the data that
satisfy such a requirement, while the solid curves show the
total rescaled fit functions. In 1’ w decays, a fit performed
on ® mass sidebands m,,, <735 MeV/c* or m,,, >
825 MeV/c? shows that contamination from possible
B® — n'7m" 7~ 7° background is negligible.

The main sources of systematic error include ML fit bias
(014 events) and uncertainties in the PDF parameteriza-
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TABLE II. Fitted signal event yield and fit bias in events (ev), detection efficiency €, daughter branching fraction product [] B;,
significance S, and measured branching fraction B with statistical error for each B® decay mode. For the combined measurements we
give the significance (with systematic uncertainties included) and the branching fraction with the statistical and systematic
uncertainties (in parentheses the 90% CL upper limit). Significances greater than 7 standard deviations (o) are omitted.

Mode Yield (ev) Fit bias (ev) € (%) [13B: (%) S(o) B(107°)

7y, K° 21110 0 32.1 13.6 25 103704

73, K° 1247 0 20.6 7.9 25 1567093

nkK° 3.5 1155043 + 0.09 (<18
NyyNyy 13740 +1 239 15.5 1.4 0.779%

Noyy Mir 9*¢ +1 18.0 17.9 1.5 0.579%

M3m M3 0.2724 -0.1 11.1 5.2 0.1 0.1522

nm 19 0.5+03=01 (< 1.0)
Ny b 0*¢ 0 293 194 0.1 0.0 £ 0.2

) 44 0 183 11.2 1.9 0.4794

ne 1.4 0.2+02=*01 (<0.5)
Nyy® 36113 +3 187 35.1 3.4 1.08+943

N3, @ 871 +1 13.1 20.2 1.8 0.59+937

nw 3.7 0.947035 = 0.09 (<14
0 rrK° 49072 -2 26.6 6.1 fe 64.9733

7', K° 1003 * 41 +27 283 10.2 e 72.4*3.0

7'K° e 68.5+22+31

N Mo L6721 0 19.9 3.1 22 0.6%07

Moymr My 8%3 +2 19.8 103 0.8 0.6797

'y 1.0 0.6705 + 0.4 (<17
/- —212 0 24.4 8.6 0.0 —0.2492

My 518 0 23.9 14.5 0.7 0.3793

n'e 0.5 0.2+02=*03 (<L)
L/ L— 1447 +1 17.9 15.6 34 1.03103¢

Ny 16717 -2 152 26.2 1.2 0.94+921

ne 3.6 1.017046 = 0.09 (<18)

TABLE III.  Fitted signal event yield and fit bias in events (ev), detection efficiency €, daughter branching fraction product [] B;,
measured branching fraction B, charge asymmetry A, with statistical error, and significance S 4 of the charge asymmetry for each
charged decay mode. For the combined measurements we give the branching fraction, the charge asymmetry and the significance of
the charge asymmetry with the statistical and systematic uncertainties.

Mode Yield (ev) Fit bias (ev) € (%) I13B; (%) B(1079) A Salo)
Nyt 28673 +18 35.1 39.3 4.161048 —0.027519 0.4
Mgt 95*19 +7 234 22.7 3.535001 +0.06 = 0.18 04
nat 4.00 = 0.40 = 0.24 —0.03 = 0.09 = 0.03 0.3
n,,K* 21513} +21 34.0 39.3 3115039 —-0.37 £ 0.12 3.1
N3, K" 6918 +6 229 22.7 2.600:% -0.32 £ 0.22 1.5
nkK* 294103 +0.21 —0.36 = 0.11 = 0.03 33
L 96729 +1 29.4 17.5 4.0*08 —-0.25+0.19 1.3
Nyt 11153} +7 259 29.4 29703 +0.56753 2.1
n'at 3550.6 0.2 +0.03 = 0.17 = 0.02 0.2
NomnK* 160174 -5 287 17.5 68.5117 —0.004 = 0.027 0.2
7, K" 299172 -10 29.3 29.4 74.6 = 1.8 +0.016 * 0.023 0.7
K" 71.5+13+32 +0.00879917 + 0.009 0.4
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FIG. 2 (color online). The B° candidate mgg and AE projections for an [(a), D)], nw [(c), (d)], n’Kg [(e), (D], and ' w [(g), (h)]
decays, with subdecays combined. Points with errors represent the data, solid curves the full fit functions, and dashed curves the

background functions.

tion (0—12 events). The ML fit bias systematic error is
taken to be half of the bias, summed in quadrature with
its statistical uncertainty. The uncertainties related to the
PDF parameterization are obtained by varying the PDF
parameters within their errors. Published world averages
[21] provide the uncertainties of the B-daughter branching
fractions (0—4)%. These uncertainties are the main contri-
bution to the systematic errors of the B — n'K decay
modes. The uncertainty on Ny is 1.1%. Other sources of
systematic uncertainty are track (1%) and neutral particle
(3-6)% reconstruction efficiencies; selection efficiency
uncertainties are 1% each for the cosft and PID require-
ments. Using large inclusive kaon and B decay samples we
estimate a systematic uncertainty for A g, of 0.005 due to
the dependence of the reconstruction efficiency on the
charge of the high momentum K=. Other sources of sys-
tematic uncertainties for A, are the fit bias (0-0.02) and
the presence of a fit bias in the signal yield (0.02-0.03). The
systematic uncertainty due to fixing the value of the charge
asymmetry in BB background components is taken to be
the largest deviation observed when varying this value of
*10%, and is in range (0-0.02).

In summary we present updated measurements of
branching fractions for eight B’ and four B decays
to charmless meson pairs. The results shown in Tables II
and III are consistent with, but generally more precise
than, previous measurements [2,3] and supersede our pre-
vious ones [2]. The branching fraction results are in
agreement with predictions within the theoretical uncer-
tainties that limit discrimination between different models
[4-10]. We find evidence for three B® decay modes: nK°
(3.50), nw (3.70) and n'w (3.60). In the decay mode
B* — nK* we find evidence at 3.3¢ for nonzero charge
asymmetry, in agreement with theoretical predictions
[6,9,19]. Discrimination between QCD factorization [6]
and flavor SU(3) [9] symmetry models, based on the
relative sign of the charge asymmetry in BY — nK™* and
B — /K™ decays, is limited by the accuracy of the latter
measurement. The measurement of A, for n’7+ shows a
slightly better agreement with the QCD factorization pre-
diction [6] than with the flavor SU(3) symmetry based
model [9], within large theoretical and experimental
uncertainties.

112002-9



B. AUBERT et al.

sof @’ ; ]
60 ' + ‘
aof TRy BRI
ok PFFE T LN ;
of , , , :
525 526 527 528 529

Events / 2 MeV/c?> Events /2 MeV/c?

150 -
100-—“ 0et y —_

50 n

0 + + :
10007 (g A

500 .

Events / 2 MeV/c?

0 - ITIIT NI,
525 526 527 528

meg (GeV/c?)

5.29

FIG. 3 (color online).

PHYSICAL REVIEW D 80, 112002 (2009)

(b) ' N

80 F

Events /18 MeV Events/ 18 MeV

150

100

50

Events / 20 MeV
(e)

1000

500

O H T

02 01 0 01 02
AE (GeV)

The B* candidate mgg and AE projections for nart [(a), (b)], nK* [(c), ()], 7’7" [(e), ()], and 'K [(g),

(h)] decays, with subdecays combined. Points with errors represent the data, solid curves the full fit functions, and dashed curves the

background functions.

We are grateful for the extraordinary contributions of
our PEP-II colleagues in achieving the excellent luminos-
ity and machine conditions that have made this work
possible. The success of this project also relies critically
on the expertise and dedication of the computing organ-
izations that support BABAR. The collaborating institutions
wish to thank SLAC for its support and the kind hospitality
extended to them. This work is supported by the U.S.
Department of Energy and National Science Foundation,
the Natural Sciences and Engineering Research Council
(Canada), the Commissariat a I’Energie Atomique and
Institut National de Physique Nucléaire et de Physique

des Particules (France), the Bundesministerium fiir
Bildung und Forschung and Deutsche Forschungs-
gemeinschaft (Germany), the Istituto Nazionale di Fisica
Nucleare (Italy), the Foundation for Fundamental Research
on Matter (The Netherlands), the Research Council of
Norway, the Ministry of Education and Science of the
Russian Federation, Ministerio de Educacion y Ciencia
(Spain), and the Science and Technology Facilities
Council (United Kingdom). Individuals have received sup-
port from the Marie-Curie IEF program (European Union)
and the A. P. Sloan Foundation.

[1] Charge conjugation is implied throughout this paper.

[2] B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett.
93, 181806 (2004); Phys. Rev. D 74, 051106 (2006); 76,
031103 (2007).

[3] J. Schiimann et al. (Belle Collaboration), Phys. Rev. Lett.
97, 061802 (2006); P. Chang et al. (Belle Collaboration),

Phys. Rev. D 75, 071104(R) (2007); J. Schiimann et al.
(Belle Collaboration), Phys. Rev. D 75, 092002 (2007).
[4] M. Bauer et al., Z. Phys. C 34, 103 (1987); A. Ali and C.
Greub, Phys. Rev. D §7, 2996 (1998); A. Ali, G. Kramer,
and C.D. Lu, Phys. Rev. D 58, 094009 (1998); Y. H. Chen
et al., Phys. Rev. D 60, 094014 (1999); J.-H. Jang et al.,

112002-10



B MESON DECAYS TO CHARMLESS MESON PAIRS ...

(5]

(6]

(7]

(9]

(10]
(11]

[12]

[13]

(14]

[15]
[16]

Phys. Rev. D 59, 034025 (1999).

G.P. Lepage and S.J. Brodsky, Phys. Rev. D 22, 2157
(1980); J. Botts and G. Sterman, Nucl. Phys. B325, 62
(1989); Y.Y. Keum et al., Phys. Lett. B 504, 6 (2001);
Phys. Rev. D 63, 054008 (2001); Y. Y. Keum and H. N. Li,
Phys. Rev. D 63, 074006 (2001); Z. Xiao et al., Phys. Rev.
D 75, 014018 (2007) [and references therein].

M. Beneke et al., Phys. Rev. Lett. 83, 1914 (1999); , Nucl.
Phys. B606, 245 (2001);M. Beneke and M. Neubert, Nucl.
Phys. B651, 225 (2003); B675, 333 (2003).

C. W. Bauer et al., Phys. Rev. D 63, 014006 (2000); 63,
114020 (2001); C. W. Bauer and I. W. Stewart, Phys. Lett.
B 516, 134 (2001); C. W. Bauer, in Proceedings of the 4th
International Conference on Flavor Physics and CP
Violation (FPCP 2006), Vancouver, British Columbia,
Canada, 2006, eConf C060409, 039 (2006).

H.K. Fu et al., Phys. Rev. D 69, 074002 (2004); Nucl.
Phys. B, Proc. Suppl. 115, 279 (2003).

C.W. Chiang et al., Phys. Rev. D 68, 074012 (2003); 70,
034020 (2004).

C. W. Chiang et al., Phys. Rev. D 69, 034001 (2004).

A. Datta and D. London, Phys. Lett. B 595, 453 (2004); M.
Ciuchini et al., Phys. Rev. D 67, 075016 (2003).

M. Gronau and J. L. Rosner, Phys. Rev. D 53,2516 (1996);
A.S. Dighe, M. Gronau, and J. L. Rosner, Phys. Rev. Lett.
79, 4333 (1997); M.R. Ahmady, E. Kou, and A.
Sugamoto, Phys. Rev. D 58, 014015 (1998); D. Du,
C.S. Kim, and Y. Yang, Phys. Lett. B 426, 133 (1998).
I. Halperin and A.R. Zhitnitsky, Phys. Rev. D 56, 7247
(1997); E. V. Shuryak and A.R. Zhitnitsky, Phys. Rev. D
57, 2001 (1998).

A.R. Williamson and J. Zupan, Phys. Rev. D 74, 014003
(2006) [and references therein].

H.J. Lipkin, Phys. Lett. B 633, 540 (2006).

B. Aubert et al. (BABAR Collaboration), Phys. Rev. D 79,
052003 (2009); Phys. Rev. Lett. 99, 161802 (2007); K.-F.

(17]

(18]
[19]

(20]
[21]

(22]

(23]

[24]
(25]

[26]

[27]

(28]

112002-11

PHYSICAL REVIEW D 80, 112002 (2009)

Chen et al. (Belle Collaboration), Phys. Rev. Lett. 98,
031802 (2007).

Y. Grossman et al., Phys. Rev. D 68, 015004 (2003); C. W.
Chiang et al., Phys. Rev. D 68, 074012 (2003); M. Beneke
et al., Nucl. Phys. B675, 333 (2003); M. Gronau et al.,
Phys. Lett. B 596, 107 (2004); G. Engelhard et al., Phys.
Rev. D 72, 075013 (2005).

D. London and A. Soni, Phys. Lett. B 407, 61 (1997).

S. Barshay and G. Kreyerhoff, Phys. Lett. B 578, 330
(2004).

B. Aubert et al. (BABAR Collaboration), Nucl. Instrum.
Methods Phys. Res., Sect. A 479, 1 (2002).

The Review of Particle Physics, C. Amsler et al., Phys.
Lett. B 667, 1 (2008).

The BABAR detector Monte Carlo simulation is based on
GEANT4: S. Agostinelli et al., Nucl. Instrum. Methods
Phys. Res., Sect. A 506, 250 (2003).

W.D. Hulsbergen, Nucl. Instrum. Methods Phys. Res.,
Sect. A 552, 566 (2005).

R. A. Fisher, Annals of Eugenics 7, 179 (1936).

B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett.
94, 161803 (2005).

: — —(x—p)?
We use the function f(x) = exp(m), where u

is the peak position of the distribution, o  are the left,
right widths, respectively, and a; p are the left, right tail
parameters.

M.J. Oreglia, Ph.D. thesis, Stanford Linear Accelerator
Center and Stanford University [SLAC Report No. SLAC-
R-236, 1980, Appendix D]; J.E. Gaiser, Ph.D. thesis,
Stanford Linear Accelerator Center and Stanford
University [SLAC Report No. SLAC-R-255, 1982,
Appendix F]; T. Skwarnicki, Ph.D. thesis, Cracow
Institute of Nuclear Physics [DESY Report No. F31-86-
02, 1986, Appendix E].

H. Albrecht et al. (ARGUS Collaboration), Phys. Lett. B
241, 278 (1990).





