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We present a measurement of the branching fraction for the d&cayD°K* ~ using a sample of approxi-
mately 86< 10° BB pairs collected by th@ABARdetector frome™e™ collisions near thér' (4S) resonance.
The DY is detected through its decaysko =", K~ 7" #°, andK 7" 7~ «", and thek* ~ through its decay
to ng’. We measure the branching fraction to B8~ — D°K* ~) =[6.3+0.7(stat)- 0.5(syst] X 10 4.

DOI: 10.1103/PhysRevD.69.051101 PACS nunider13.25.Hw, 14.40.Nd

A comprehensive test dZP violation within the standard ments[1]. The measurement of the angjeof the unitarity
model requires precision measurements of the three sides afrthngle is challenging and requires larger sampleB ofie-
three angles of the unitarity triangle, which are combinationssons than are currently available. A precise determination of
of various Cabibbo-Kobayashi-MaskaW@KM) matrix ele- 7y at the B factories is likely to use many different decay

modes. Decays of the forrB—D)K™) can provide a
theoretically clean determination of [2]. For some of the

*Also with Universitadella Basilicata, Potenza, Italy. proposed methods, there are distinct advantages to using the

TAlso with IFIC, Instituto de fsica Corpuscular, CSIC— K* modes[3]. In this paper we measure the branching frac-
Universidad de Valencia, Valencia, Spain. tion for one of these decay® —D°K* ~ [4], which was

*Deceased. first observed by the CLEO experimeff]. If the D° is

051101-3
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reconstructed in its decay ©P eigenstates, the— cus and We reconstrucD? candidates from the appropriate com-
b—ucs quark transitions interfere, giving access to thebination of tracks andr’ candidates. Th& ™ tracks must
phasey through the measurement of direCP violation  satisfy kaon identification criteria resulting in an efficiency
asymmetries. However, the branching fractions Bdt de-  of 80-95%, depending on the momentum. The probability of
cays toCP eigenstates are only of the order of 1%, too smalla pion to be misidentified as a kaon is less than 5%. We
for the size of the available data sample. Therefore, for thisequire the momenta of tH€™ candidates to be greater than
analysis, we use decay modes of D@ andK* ~ that have 250 MeV and their polar anglérelative to magnetic-field
clear experimental signatures and sufficiently high branchingxis) to be in the interval 0.28 #<<2.55 rad to restrict them
fractions. This measurement provides an important first step a fiducial region where the kaon identification perfor-
towards establishing the feasibility of using the de&y  mance can be determined with small uncertainty. The tracks
—DPK*~ for a future determination of. from the D° are fitted to a common vertex and we accept

We present here a measurement of the branching-fractiogandidates if they have an invariant mass within (18)
for the decayB~—DPK* ~ using data collected with the MeV of the D° mass for theK ~m (K~ 7" 7~ =") decay.

BABARdetector at the SLAC PEP-d"e” storage ring. Tr11e For theK ~ " ° decay, we use an asymmetric mass require-
data correspond to an integrated luminosity of 81.5%fb . — 29<(m—1865 MeV)< +24 MeV, reflecting the

taken at.c.enter-of-mass energ|e§ close to Yt(és_) re.so- distribution of the energy of the photons from th@ decay.
nance, giving a sa})mple of approximately>860° BB Pars. it is known that the decafp®—K~ =" #° occurs predomi-
We reconstruct b Eanodldates ghfough +th§ qeca)*rsi nantly through an intermediate statfK* ~(892) or
—K 7", D"—K ", and D K a a OK ~ p*(770)]. Hence, to reduce the combinatorial background in
cgnd|date% are identified through the de¢&y” —Ksm™,  the K~ 7" 70 decay, we select events in the enhanced re-
with the Kg gecaymg to a pair of charged pions. The decayyigns of the Dalitz plot, using amplitudes and phases deter-
K*~—K™ 7" was not used in this analysis, due to the con-r,ined by the CLEO experimefig].

siderably larger backgrounds present. In reconstructing the decay chain, the measured momen-
A detailed description of théeBABAR detector can be

tound ol h W d : tum vector of each intermediate particle is determined by
ound elsewherg6]. Only detector components relevant to refitting the momenta of its decay products, constraining the

this analysis are described here. Charged-particle trajectom—‘r-ﬁaSS to the nominal mass of the particle and requiring the
are measured by a five-layer double-sided silicon Verte)&ecay products to originate from a common point. For the
tracker(SVT) and a 40-layer drift chamb&DCH), operating  x - resonance only a geometrical constraint is used in this
in the field of a 1.5-T solenoid. Charged-particle idemiﬁca’kinematic fit. Finally, to reconstrud~ decays,D° candi-
tion is achieved by_combining measurements of ioni.zatiorh‘,i,[es are combinedywiﬂh*‘ candidates. '

energy loss E/dx) |n.the DCH and SVT with mformathn At this stage of the event selection, the dominant back-
from a detector of internally reflected Cherenkov I'ghtground is frome*e—qq production. We suppress this

(DIRC). Photons are detected in a CH) electromagnetic background using requirements on the event topology and

cal\(/)\?meter;EMC). lecti o inimize th ._kinematics, and through the use of a Fisher discriminant. The
_ We set the event-selection criteria to minimize the stalls; i, of the second and zeroth Fox-Wolfram momefiets
tical error on the branching fraction, using simulations of the

) which is a measure of the event sphericity and is close to
signal and background. In general, charged tracks are r b y

. ; L Sero for approximately spherical events, is required to be less
quired to hav? at Iefagtllé [i/CH ?jltts anq a r?ln]lcmumtrtlrans-than 0.5. The absolute value of the cosine of the angle be-
Verse momentum ot ©. eV, and fo originate 'rom e iN%, ean the thrust axis of thé candidate and the thrust axis of
teraction point, within 10 cm along the beam direction an

. - dthe rest of the eventcosé,|, is peaked at one for continuum
1.5 cm in the transverse plane. We use less restrictive Sele&/ents and is approximately flat f@ decays. We require
tion criteria for tracks used to reconstru¢g— 7" 7~ can- '

, _ A _ |cosé|<0.8 for K~ 7" and K~ 7" 7° decays andcosé|
didates, to allow for displace&s decay vertices. Photon 75 forK— 7+ 7 o+ decays. The Fisher discriminant is

candidates are identified in the EMC as deposits of energyii from the momentum of all particles in the eveei-
isplgted from charged tracks. They are required to hgve luding those used to form th candidatg and the angle
minimum energy of 30 MeV and a shower shape consistentetween this momentum and the thrust axis of the recon-
with that of a photon. structedB ", both in the center-of-mass frarh&0]. TheK* ~

We use pairs of photons to recqnstruc? candidates, pelicity angledy , defined as the angle between the from
which are required to have an invariant mass between 12pa kx - decay and th&~ flight direction in the rest frame
O . .
and 144 MeV. We reconstrué{s candidates from pairs of of the K* ~, follows a cod 6, distribution for signal events

oppositely charged tracks fitted to a common vertex. Theynd is approximately flat for continuum events. To further
are required to have an invariant mass within 8 MeV of thereject continuum background in tHé~ 77~ 7" channel,
Kg mass[7]. we require|cos6y|>0.4.

To reconstructK* ~ candidates, we combink2 candi- The selection criteria just described reject all but approxi-
dates with charged tracks. We require #&~ candidate to mately 0.001% of the back-ground, while retaining between
have an invariant mass within 75 MeV of 892 MeV. In ad- 4% and 13% of the signal, depending on & mode. The
dition, thng vertex is required to be displaced by at least 3remaining background has approximately equal contributions
mm from theK* ~ vertex. from continuum andB decays. In the case of events with
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more than ond~ candidate(5—17%, depending on tha°
mode, we choose the best candidate on the basis ofythe =40
formed from the differences of the measured and Bue % (@)
D, andK2 masses, scaled by the mass resolutions. Studies= 301~
of simulated signal events have determined that the algo-%
rithm does not introduce a bias and chooses the coBect €
candidate in approximately 80% of the events with multiple £
candidates. w
Finally, we identify B-meson decays kinematically using 44 pe
two nearly independent variables: the energy-substitited

20—

massmes= \/(s/2+ po- pg) /E5— p, where the subscripts 0 W
andB refer to thee™ e~ system and th& candidate respec- 30 (b)
tively, s is the square of the center-of-mass energy, and en-
ergies(E) and momentum vector) are computed in the 20— +
laboratory frame; and\E=E} — \/s/2, whereE}, is the B 1 T,l,,L—L- I ‘LLI I
candidate energy in the center-of-mass frame. We s8lect 10k b i i
candidates witHAE|<25 MeV, which corresponds to ap- ,
proximately +2.20- (where the resolutionr is found to be 40+
independent of th®° decay modg In addition, the signal
events are expected to have valuesmgf close to theB™ 30
mass.
We determine the signal yield & —D°K* ~ events by 20

performing an unbinned maximum likelihood fit to thegg
distribution of the selected candidates for the signal regionin 10
AE. The signal distribution is parametrized as a Gaussian L . , ;
funct?on and the combinatorial background as a threshold 2.2 5.22 524 526 598 5.3
function [11]. All parameters except the end point of the
threshold function are unconstrained in the fit. mEs(GeV)
The signal yield determlned_from the fit potentially |.n- FIG. 1. Themes distributions of8~—DK*~ candidates: (a
cludes bgckgr(_)unds from othBB decgys thaf[ also peak in DO~ K-+, (b) DK 7+ 7% and(c) DK "7 =*. The
Mes. To investigate this, we have studied a simulated samplgyjiq |ines show the fit used to extract the signal yields, with the
of generic BB decays and also high statistics simulateddistribution parametrized as a Gaussian plus a threshold function as
samples of otheB— D™ K ™) decays. The simulation indi- described in the text. The dashed line indicates the combinatorial
cates no enhancement in the signal region from this backkackground component.
ground. Therefore, we assume that the peaking background
is negligible and the uncertainty in its determination from theB~ — D%~ events from data and Monte Carlo simulation.
studies of various simulated event samples is included as Bhis sample is kinematically similar to tf& — D°K* ~ de-
systematic error. We have also verified that use ofBfie  cay. We selecB~— D%~ events in the same way as the
mass and error in the? calculation for the choice of the best B~ —D°K* ~ sample, with the additional requirement that
B~ candidate does not affect the smooth shape of the backbe 7~ fails loose kaon identification criteria, to remove
ground inmgs. B~ —DPK ™ events. Approximately 300B~—D°%x~ candi-
Figure 1 shows thengs distribution for the three different dates in eacld® decay mode are selected from the data. The
D° decay modes with the fit function superimposed. A clearpurity of the sample is 94% for thé¢~ 7 #° decay and 98%
signal is seen in all cases. The signal yield is detailed irfor theK™ 7" andK™ 7" 7~ 7" decays. We use this sample
Table |. We observe a total of 16117 B~ —D%K* ~ events. to determine correction factors for the efficiencies for the
We have studied the c@k distribution for the selected can-
didates and determined that the data are consistent with pure TABLE I. Signal yield, efficiency and measured branching frac-
B~ —DO%K* "~ decay. tion B(B~—D%K* ") for the threeD® decay modes. Yields are
We determine the selection efficiency for each sample ofxtracted from the fits to thengg distribution from dataerrors are
B~ _DOK*~ events from samples of simulated signal statistical only. _Efficienc_ies are co_mputed from simu_lat_ed events.
events. We apply small corrections determined from data tgor the branchlng fractions, the first errors are statistical and the
the efficiency calculation to account for the overestimationSecond systematic.
of the tracking and particle-identification performance, and

-+ - +,.0 -t T
of the #° and K$ reconstruction efficiencies in the Monte Ko Koo Kommm
Carlo simulation. The product of these efficiency correctionssignal yield 56.29.4 51.711.0 52.6-8.7
is about 0.9. Efficiency (%) 12.8 35 4.0

To quantify the ability of the simulation to model the p(104) 58+1.0+0.5 58:1.2+0.7 8.7:1.5+0.9

variables used in the event selection, we use a sample ef
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— TABLE Il. Systematic uncertainty estimates for each of the
= 400 threeD® decay samples.
=
g Uncertainty(%)
EZOO Source K #nt Kaa® Kata ot
c —
o Number ofBB events 11 11 11
w 0 Simulation statistics 5.6 6.5 6.0
D° branching fraction 2.4 6.2 4.2
300 Tracking efficiency 2.4 2.4 4.0
K. efficiency 3.0 3.0 3.0
Particle identification 2.0 2.0 2.0
200 o e
- efficiency - 5.0 -
Peaking background 2.3 14 3.1
100 K*~ line shape 3.0 3.0 3.0
Data/simulation differences 1.4 2.4 2.1
Total 8.6 11.9 10.3
4001 (¢)
200 and B°B° mesons with equal probability and we do not in-
clude any additional uncertainty due to this assumption.
We have identified several sources of systematic uncer-
0 L L L H tainty as significant, as shown in Table 1l. The numbeB &f
1.82 1.84 1.86 1.88 1.9 pairs in the data sample is known with an uncertainty of
Mass (GeV) 1.1%. The uncertainties in thB° branching fractions are

FIG. 2. TheD® mass distributions oB~™—D%#~ candidates:
(@ D°—=K 7", (b) D°»K 7t «° and(c) D°—K =7 7 =".

solid distributions were obtained from simulated signal events.

pared with the simulated distributions for tfs —D%7~

constructedD® candidates are evident for all thre@®
modes.

We determine the branching fraction separately for eac
of the D° decay modes from

N
€- NBE BDO' BK* - BK% B,TO

B(B~—D%K* )=

for a signal yield ofN events and a sample containiNgg
pairs of B mesons. The selection efficienciesfter all cor-
rections are reported in Table Bpo, Byx -, BKg, and 5.0,

the branching fractions for thB°, K*~, K and #°, re-
spectively, to the relevant final states, are obtained from
[7] (B0 in the equation is only relevant for the¢™ " 7°
mode. We assume that th¥(4S) decays to pairs oB "B~

taken from Ref[7]. We determine the systematic errors aris-
ing from uncertainties in tracks2 and#° reconstruction and
The data are background subtracted and are displayed as points. THekaon identification from studies of high statistics data con-
trol samples. The uncertainty in the track reconstruction ef-
ficiency is determined to be 0.8% per track originating from
the interaction region. There is an additional uncertainty of
B~ —DPK* "~ selection. We include the statistical precision 3% arising from the knowledge of thég reconstruction ef-

of these corrections in the systematic error of the branchindiciency. The charged kaon identification leads to a system-
fraction. The obtained correction factors vary from aboutatic uncertainty of 2%, and the® reconstruction to a sys-
0.95 for theK "7 " andK™ 7" 7~ " decays to 0.85 for the tematic uncertainty of 5%. The systematic error from the
K~ a*7° decay. The largest correction factor comes fromknowledge of the peaking background is taken from the stud-
the modeling of thé° mass distribution. Figure 2 shows the jes of various simulated data samples described above. An
background subtractdd® mass distributions from data com- gqditional uncertainty from the knowledge of the ~ line

> : ] shape has been determined to be 3%. Finally, we include the
sample. Small differences in the mean and width of the regors on the correction factors determined from Bie

— D%~ sample. We have studied the uncertainty in the pa-
rametrization of the background and of the signal by repeat-
ing themgs fits with different combinations of parameters of
the functional form fixed to values obtained either from
simulation or from studies of sideband regionsAiE. We
conclude that the systematic uncertainty from this source is

negligible.

The resulting B branching fractions corresponding to
three differentD® decay modes are listed in Table I. Té
of the three measurements is 2.7, giving a probability of 26%
that they are consistent. We determine the weighted average
of the three measurement#(B~—D°K* ")=(6.3+0.7

Reft0.5)x 10" 4, taking into account the correlations between

the systematic uncertainties. The result of this analysis is in
good agreement with a previous measurement by CLEO,
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B(B~—D%* )=(6.1+1.6+1.7)x 10 [5]. We are grateful for the excellent luminosity and machine
In summary, we have studied the dec@y —DK* ™, conditions provided by our PEP-II colleagues, and for the

where theD® was detected through its decays Ko =+, substantial dedicated effort from the computing organiza-
K- 7*7° andK~ 7+ 7~ 7" and theK* ~ through its decay tions that supportBABAR The collaborating institutions

to K37~. We have measured the branching fractig{B ~ wish to thank SLAC for its support and kind hospitality. This
—DO%*7)=(6.30.7+0.5)x 10" *. This is in good agree- work is supported by U.S. DOE and NSBSA), NSERC
ment with the previous measurement of this branching fracéCanada, IHEP (Ching, CEA and CNRS-IN2P3France,

tion, and significantly improves on its precision. In the fu- BMBF and DFG(Germany, INFN (Italy), FOM (The Neth-
ture, with larger data samples, this decay will be studied witherlands, NFR (Norway), MIST (Russia, and PPARC

the D° reconstructed inCP eigenstates. Eventually it is (United Kingdom. Individuals have received support from
hoped that decays of the forB—D™)K™) can provide the A. P. Sloan Foundation, Research Corporation, and Alex-
important constraints on the angjeof the unitarity triangle.  ander von Humboldt Foundation.
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