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We present measurements of branching fractions irbthesss penguin-dominated deca@s’ — ¢K* and
B°— K in a sample of approximately 89 millioBB pairs collected by th&ABARdetector at the PEP-II
asymmetric-energyB-meson factory at SLAC. We determiri&(B*ﬂdaK*):(10.0f8jgi0.5)>< 10 % and
B(B°— ¢K% =(8.4"13+0.5)x10"%. Additionally, we measure theCP-violating charge asymmetry
Acp(BT— ¢K*)=0.04+0.09+ 0.01, with a 90% confidence-level interval[ef0.10, 0.18, and set an upper
limit on the CKM- and color-suppressed dec®y — ¢r", B(BT— ¢pm")<0.41x10 ® (at the 90% confi-
dence level

DOI: 10.1103/PhysRevD.69.011102 PACS nunf§erl13.25.Hw, 11.30.Er, 12.15.Hh

Decays ofB mesons into charmless hadronic final stategSM) amplitudes are strongly suppresgédl In the standard
with a ¢ meson are dominated Hy—sss gluonic penguin  model, CP violation arises from a single complex phase in
diagrams(Fig. 1), possibly with smaller contributions from the Cabibbo-Kobayashi-Maskaw@KM) quark-mixing ma-
electroweak penguin diagrams, while other standard moddtix [2]. Since many scenarios of physics beyond the SM

introduce additional diagrams with heavy particles in the
penguin loops and newP-violating phase$3], a compari-

*Also with Universitadi Perugia, Perugia, Italy. son of CP-violating observables with SM expectations is a
TAlso with Universitadella Basilicata, Potenza, Italy. sensitive probe for new physics. In the SM, neglecting
*Also with IFIC, Instituto de [sica Corpuscular, CSIC- CKM-suppressed contributions, the dire€P violation in
Universidad de Valencia, Valencia, Spain. BT — @K™ [4], detected as an asymmetoftcp= (I 4~
§Deceased. _F¢K+)/(F¢K7+F¢K+) in the decay rateT¢Kr=F(Bi
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two-pion invariant masswithin 12 MeV/c? of the nominal
Kg mass[12)), the flight-length(€) significance {/o,>3),
and the angle between the line connecting Biand K?
decay vertices and tht(g momentum(<0.1 rad. Kaon
tracks used to reconstruct th® meson are distinguished
from pion and proton tracks using=didx information from
the DCH in conjunction with B/dx information from the
FIG. 1. Examples of quark-level diagrams fBr—~¢K andB  SVT for track momenta below 0.7 Ge¥/ and, for momenta
— ¢ Left: internal penguin diagram; right: flavor-singlet penguin apove 0.7 GeW, with the measured Cherenkov angle and
diagram. number of photons recorded by the DIRC.
For an extended unbinned maximume-likeliho@dL) fit
—¢K*), is expected to be zero; in the presence of largave parameterize the distributions of kinematic and topologi-
new-physics contributions to the—sss transition, it could  cal variables for signal and background events in terms of
be of order 1[5]. TheB— ¢K andB— ¢ decay rates are probability density function§PDF9. Each B candidate is
also sensitive to new physics; the latter is strongly supcharacterized by the energy differendeE=(qy-qg/+/s)
pressed in the SM, and a measurementB{B—¢m)  —./s/2 and the beam-energy-substituted magss=[(s/2
21077 would serve as evidence for new phyS[@ The +ﬁy. p’B)Z/E%_ﬁé]l/Z [11] Here Oy and gg are four-
branching fractions 0B* — ¢K* andB®— ¢K® have been  momenta of ther (4S) and theB candidates=(qy)? is the
studied by CLEO[7], BABAR [8,9], and Belle [10;  square of the center-of-mass enefiy,andpg are the three-
Acp(BT— ¢K™) has been studied BBABAR[9.  momenta of theY (4S) and theB in the laboratory frame,
This analysis is based on an integrated luminosity of;.q4 EYqu is the energy of theY (4S) in the laboratory
about 82 fb™, corresponding to approximately 89 million ;e " For signal eventd E peaks at zero anahzs peaks at
BB pairs, collected at SLAC with thBABARdetecto{11]at  the nominalB mass. The signal PDFs of both variables are
the PEP-Il asymmetric-energy’ e storage ring operating adequately described by sums of two Gaussian distributions
on theY (4S) resonance. (whose means are not required to be the 9aifiee back-
The asymmetric beam configuration provides a boost tground shape iAE is parametrized by a linear function and
the Y (4S) in the laboratory frame £y~0.56), increasing in mgg by a threshold functior{13]. Candidates for our
the maximum momentum of thi&-meson decay products to analysis are required to satisPAE|<0.2 GeV andmgg
4.4 GeVk. Charged particles are detected and their mo->52 GeVkt?. The variable AE provides additional
menta measured by a combination of a silicon vertex trackefomentum-dependent/K separation in the ML fit for the
(SVT), consisting of five double-sided layers, and a 40-layeis*_, h* branching fractions. The likelihood also incorpo-
central drift chambe(DCH), both operating in a 1.5-T sole- rates the invariant mass of thle— K"K~ candidatemy in
noidal magnetic field. The tracking system covers 92% of thehe[0.99, 1.0 GeV/c? range, which is described by a rela-
solid angle in the center-of-mas€M) frame. The track- tjyistic Breit-Wigner function convolved with a Gaussian,
finding efficiency is, on average, (88L)% for momenta ;=10 MeV/c?, determined in Monte CarloMC) simula-
above 0.2 GeW and polar angles greater than 0.5 rad. Pho+jon studies, to account for resolution effects, and ¢hie-
tons are detected by a C3l) electromagnetic calorimeter |icity angle 6,,, which is defined as the angle between the
(EMC), which provides excellent angular and energy resolugjirections of theK* and the parenB in the ¢ rest frame.
tion with high efficiency for energies above 20 MeV. The cosj, distribution is a quadratic function for
Charged-patrticle identification is provided by meas“”ngpseudoscalar-vecttﬁfdecay modes and is nearly uniform for
the average energy lossEkblx) in the two tracking devices the combinatorial background.
and by the novel internally reflecting ring-imaging Cheren-  gackgrounds in the candidate sample arise primarily from
kov detector(DIRC) covering the central region. A/K  random combinations of tracks produced in the quark-
separation of better thanodis achieved for tracks with mo- antiquark continuum. In such events, particles appear
menta below 3 GeW, decreasing to 2 for the highest pyndled into jets, which can be identified with several vari-
momenta arising frolB™ — ¢h* decays. Electrons are iden- gpjes computed in the CM frame. We use the ar@ijlebe-
tified with the use of the tracking system and the EMC.  tween the thrust axis of tHg candidate and the thrust axis of
We fully reconstructB-meson candidates in the decay the other charged and neutral particéd]. We require the
modesgh™® and K2, with ¢—K*K™ andKi—m"m".  angle 6, to satisfy|cosé;|<0.9. Other quantities that char-
For theh™ track and the charged-track daughters of¢hee  acterize the event topology are the CM angjebetween the
require at least 12 measured DCH hits and a minimal trans8 momentum and the beam axis and the sum of the momenta
verse momenturpy of 0.1 GeVk. The tracks must originate p; of the other charged and neutral particles in the event
from the interaction poinfwithin 10 cm along the beam weighted with Legendre polynomials,(6;), n=0,2, where
direction and 1.5 cm in the transverse plaroser criteria ¢, is the angle between the momentum of particnd the
are applied to tracks belonging kf— 7* 7. We combine  thrust axis of theB candidate. We combine these variables
pairs of oppositely charged tracks originating from a com-into a Fisher discriminanf [15]. Contamination from other
mon vertex to formK? and ¢ candidates. AK?— 7" 7~ B decays, as well as* 7~ ande*e ™ yy production, is neg-
candidate is accepted on the basis of requirements on thigible, as demonstrated in MC simulation studies. Possible

u,d
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K™K~ Swave contributions, such as tHg(980) and the TABLE I. Summary of branching fractio(ﬁ) and.directCP-
a,(980), are not expected to contribute under thenass ?iy';mf'f?t.ry Hcp) :ﬁsugS'Nsﬁ.anis ai_re trf‘.f ?gnaé&fld a?% the
peak[14] and are distinguished by their uniform distribution ot etnciency In the branching fraction it. the 597 confidence-
: o : . . level interval forAqp is [—0.10, 0.18.
in coséy ; this systematic effect is small compared with cur-
rent statistical and systematic uncertainties.

We use an unbinned extended ML fit to extract signal
yields and charge asymmetries simultaneously. The likeli-¢K°® 6.7  50°3 8.4"13+0.5 —
hood for candidatg in the flavor category is obtained by ~ ¢K* 19.6 17315 10.0°35+0.5  0.04+0.09+0.01
summi_ng the product of event yieltlic_ and probabilityP; ¢mt 204 0955 <0.41(90% CL —
over signal and background hypotheseBhe total extended
likelihood £ for a sample olN events is given by

Mode (%)  Ngq B (10°%) Acp

Results of the branching-fraction ai@P-asymmetry fits

are given in Table |. Equal production rates BfB® and
. B*B~ are assumed. Figure 2 shows thes andAE distri-

butions of pK2(7 "7 ~) and pK " events together with the

likelihood projections from the3 fits. Goodness-of-fit tests
The probabilitiesP,. are products of PDFs for each of the have been performed to confirm that the values of likelihood
independent variable§ ={mgs,AE, F,my ,cosfy}. Thea; £ obtained in the fits are consistent with MC-based expecta-
are the parameters of the distributions<jn which are fixed tions.
to values derived from signal MC, on-resonance sidebands in Systematic uncertainties in the ML fit originate from as-
(mgs, AE), and high-statistics data control chann&s sumptions about the signal and background distributions and
—atD0 (5°—>K*7T*) and B — 77D~ (D*_>Kg7f), are dominated by the limited sideband and control-channel
The control channels have event topologies similar to thosétatistics. We simultaneously vary all PDF parameters within
in B"—¢K* andB’— ¢Kg, and are used to compare cen- their uncertainties, and derive the associated systematic er-
tral values and resolutions of the variabtess, AE, andF  rors: 0.005 for Acp, 2.0% for B(¢K™), and 2.8% for
in data and MC simulation. By minimizing the quantity B(¢K®). To account for the systematic uncertainty on the
—In £ in two separate fits, we determine the branching fracupper limit onB(¢7*), we increase the upper limit by one
tions, B, and the charge asymmetrylcp, for ¢h™ and standard deviation due to PDF variatioii®.9%9 and due to
d)Kg. In the ¢K2 case, there are two hypotheses, signal andincertainty in the reconstruction efficiendy.2%). The
background (=1,2), and a single flavor category. In the fit dominant systematic errors in the efficiency come from track
for B*— ¢h™ decays, we determine the flavor of the high- finding (2.4% for B(¢h*) and 4.2% forB(¢K?)), charged-
momentum track by comparing the measured Cherenkokaon identification(2% per ¢), and K2 reconstruction effi-

angle with that expected for a pion or a kaon. In this way, thejency (296). Other systematic errors from event-selection
¢h~ (h=m,K) decays are fitted simultaneously with two

signal (=1 for B*— ¢K* andi=2 for B*—¢==) and
two corresponding background= 3,4) hypotheses. We de-
fine the event yields);. in each of the two flavor categories
(c=1 for B"—¢h™ andc=2 for B~ —¢h™) in terms of
the charge asymmetry; and the total event yield,: n;;
=nX(1+.A4;)/2 andnj,=n; X (1—A4;)/2.

For charged tracks originating from the interaction point,
we determine the ratio of track-finding efficiencies in data
and MC simulation by conducting a study of a large sample
of unambiguous charged-track candidates that have at least> [ c)
10 measured hits in the SVT; the method relies on the fact 510 r 1
that for both the SVT and the DCH the differences between <~ "t L 1 ]
the track-finding efficiencies in data and MC are small, and ln nllg 1
so the two detectors can be used to calibrate each other. Thed [ . [t} |, _ A 0 s g
ratio of K¢— 7" 7~ reconstruction efficiencies in data and 5.20 525 530 -0.20 0.00 0.20
MC simulation as a function of th&® momentum and decay Meg (GeV/cY) AE (GeV)
point is determined from a study of a large inclusive sample FIG. 2. Projection plots of the variableses [() and (¢)] and
of KSH a7~ decays; this method employs the results of \g [(b) and (d)] in the fit for the $K* (top) and ¢K (" 7 )
the tracking-efficiency study that covex§ decays occuring (bottom) branching fractions. The data are shown by the histogram,
in the immediate vicinity of the interaction point. The while the curve is the result of the fit. The signal-to-background
charged-kaon—identification efficiencies in data and MCratio is enhanced with a requirement on the signal probability
simulation are compared in a study of fully reconstructedpy,/(Psq+ Ppey) With the PDF for the variable being plotted ex-
D**—=D% " (D°—K ™ #") decays. cluded.

N
1
L={rex > Nic)H ZNicPic(ij:&i)
: i.c j=17c

25|

T
|

events / 10 MeV

events / 10 MeV
[e)
T
|

events /
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