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Measurement of the branching fractions for the exclusive decays d8° and B* to D *)D*)K
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We report the observation of 82357 B® and 970-65 B* decays to doubly charmed final states
D*)D™)K, whereD™) andD™) are fully reconstructed ank is either ak™* or aK®. We use a sample of
82.3+0.9 million BB events collected between 1999 and 2002 withBABAR detector at the PEP-I| storage
ring at the Stanford Linear Accelerator Center. The 22 posdibtiecays toD*)D*)K are reconstructed
exclusively and the corresponding branching fractions or limits are determined. The branching fractions of
the B® and of theB* to D*)D™*)K are found to beB(B°—D™*)D*)K)=[4.3+0.3(stat) 0.6(syst}%,

B(B* —D®)D™*)K)=[3.5+0.3(stat}= 0.5(syst]%.A search for decays to orbitally exciteB states,
B—D®DJ, (DJ,—~D®)°K™), is also performed. No statistically significant contributions frBr} (2536)
—D*%K* andD/,(2573)—-D°K* to theD*)D*)OK* final state are found and we set 90% C.L. limits on
their production rates.

DOI: 10.1103/PhysRevD.68.092001 PACS nuntder 13.25.Hw, 11.30.Er, 12.15.Hh

I. INTRODUCTION

The inconsistency between the measusedccs rate and
*Also with Universitadi Perugia, Perugia, Italy. the rate (_)f semlleptonla d_ecays hf'is been a long-standing
TAlso with Universitadella Basilicata, Potenza, Italy. probl&m inB physics. Until 1994, it was believed that the

*Also with IFIC, Instituto de Fsica Corpuscular, CSIC— b—ccs transition was dominated by decags—D¢X, with
Universidad de Valencia, Valencia, Spain. some smaller contributions from decays to charmonium
SDeceased. states and to charmed strange baryons. Thereforebthe
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A

FIG. 1. Left: internalW-emission diagram for

+ (*) ’I , _ )
B 7 P -y 7 ¢ the decays B—D®*)D*)K. Right: external
W' ! 5 W-emission diagram for the decaysB
/ — D)DK,
] g —n / -
_ H p" b ¢
b - T B o
q q

—.ccs branching fraction was computed from the inclusiveanalysis described below makes use of charged tracksénd
B—D.X, B—(co)X, and B—~E.X branching fractions reconstruction and charged particle identification. Charged
S 1 - C y

. - . particle trajectories are measured by a five-layer double-
Iea_ldlng toB(b—>ccs)—(15._8t2.8)%[1].Theoret_lcal ca!cu— sided silicon vertex tracker and a 40-layer drift chamber,
lations are unable to simultaneously describe this lo

b hing fracti dth lentonic b hing fracti hich also provide ionization measurementtE(dx) used
thragc Ing ra[lcz:]mn and the semileptonic branching fraction ok, particle identification. For charged tracks witp
€5 mesoniz]. . . . >1 GeVlc, the measured transverse momentum with re-
As a possible explanation of this problem, it has bee

. — nspect to the beam axip{) has a resolutiorwr,_such that
conjectured 3] that B(b—ccs) is larger and that decays of T

the typeB—D *)D®)K(X) (where D™*) can be either a Tp,
D% D*% D™, orD*™") could contribute significantly to the —=0.13%p++0.45%, (1)
decay rate. This might also include possible decays to orbit- P

ally excited Dg mesons,B—D *)Dg;, followed by Dy,  wherepy is measured in Ge\d
—D®)K. Experimental evidence in support of this picture  Photons and electrons are measured in an electromagnetic
has been published in the past few years. This evidence irzalorimeter consisting of 6580 thallium-doped Csl crystals.

cludes the measured branching fraction for wrong-siyn  The electromagnetic calorimeter resolutiop can be ex-
production, averaged over charged and nelBralesons, by pressed as

CLEO[4][B(B—DX)=(7.9+2.2)%], and the observation
of a small number of fully reconstructed decay o 2.3%

—D®D™)K, by both CLEO[5] and ALEPH[6]. More E g4

recently, BABAR[7] and Belle[8] have reported some pre-

liminary results on the evidence for transitionB®  where the energ§ is measured in GeV.

—D*"D®)OK* with much larger data sets. Charged particle identification is provided by the average
B—D *)DHK decays can proceed through two different energy loss ¢ E/dx) in the tracking devices and by an inter-

amplitudes: externaW-emission amplitudes and internal nally reflecting ring-imaging Cherenkov detecttIRC).

W-emission amplitudegalso called color-suppressed ampli- The DIRC comprises 144 quartz bars, divided into 12 sec-

tudes. Some decay modes proceed purely through one ofors, which transport the Cherenkov light to a water-filled

these amplitudes while others can proceed through both. Figgxpansion volume equipped with 10751 photomultiplier

ure 1 shows the possible types BrD *)D*)K decays. tubes. AK/z separation better than four standard deviations

In BABAR the large data sets now available allow compre-S achieved for momenta below 3 Gev/
hensive investigations of these transitions. In this paper, we
present measurements of or limits on the branching fractions lll. B CANDIDATE SELECTION
for all the possibleB—D (*)D(*)K? andB—D *)DK* The B® andB* mesons are reconstructed in a sample of
decay modes, using events in which bBthmesons are fully droni ts f Il th bBDK d |
reconstructed. Charge conjugate reactions are assumé1 ronic events for all the possi )R Mmodes, namely,
throughout this paper and branching fractions are averaged —D ) D®*°K*, D®=Dt)*KO D IODHIKY and
accordingly. BT —D *)ODH)*+KO D IODHIOK+ pH)-pEIFTK*, KO
mesons are reconstructed only from the decay%
—at7~. To eliminate the background from continuum
e"e —qq events, we require that the ratio of the second to
The study reported here uses 75.9 ftof data collected the zeroth Fox-Wolfram moments of the evén6] be less
at the Y(4S) resonance with théBABAR detector at the than 0.45.
SLAC e"e” storage ring PEP-Il asymmetric-enerByfac- The K2 candidates are reconstructed from two oppositely
tory, corresponding to (82:30.9)x 10° BB pairs. charged tracks consistent with coming from a common ver-
The BABARdetector is a large-acceptance solenoidaltex and having an invariant mass withind MeV/c? of the
spectrometer1.5 T) described in detail elsewhef8]. The  nominalK2 mass. For most of the channels involving§,

©1.9%, )

Il. THE BABAR DETECTOR AND DATA SET
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we require that thda(g vertex be displaced from the interac- to imperfect modeling of the chargdtl energy loss in the
tion point for the event by at least 0.2 cm in the plane transdetector material, the central value E is slightly shifted
verse to the beam axis direction. Thd candidates are re- away from 0 MeV by an amoumEg,z=(—5+1) MeV,
constructed from pairs of photons, each with energy greatewhich is fitted from the data themselvigsgs. 2a) and 2b)].
than 30 MeV, which are required to have an invariant massn events with more than or® candidate, we choose out of

115<m,, <150 MeV/c?. The #° from D*O—’DOT’O, mMust  g| the 22 possibldd *)D™*)K modes only theB candidate
have momentum between 70 Mevand 450 MeVt in the | i the lowest|AE—AE,{ (“best candidate). From

H 0 0 - .+.0
Y(4S) frame, while ther” from D*— K" 7" 7~ must have  \onte Carlo studies, this algorithm is found to give the best

en(_arrr?ygieater dt'za? 200 MeV in tthe Itak()jo.rattcr)]ry (l;rame. jaeconstruction efficiency and the lowest cross feed rate be-
€, candiaales are reconsTicted in the decay Motet een the differenD *)D*)K modes; it is found to intro-

D**—D%*, D**—D"#°% D*°-D%%P° and D*° . : . : .
0 . : duce no bias on the signal extraction, since the latter is per-
—D"y. The mass difference between thé andD candi- o
formed from themgg spectra only. However, in Fig. 2, to

dates is required to be within 3 Med# of the nominal value . : > d
o 2 2 «0 avoid the bias oA E inherent to this method\E spectra are
[12] for D* * decays (4 MeVe” and 10 MeVL* for D shown without applying this selection.

—D%? and D*°—D?y, respectively. The modeD**
—D* 70 is used only in the reconstruction of decaB$
—D* D**K%andB"—D* D* K",

The D° and D" mesons are reconstructed in the decay
modes D°—K" 7", K a'a®, K @ m 7", and D" The mgsandAE spectra of the selected events are shown
—K"@" ", by selecting track combinations with invariant in Fig. 2 for the sum of all the decay modes, separately for
mass within=2¢ of the average measurdd mass. The B0 and B*. The AE spectra are shown for events in the
averageD mass and thé® mass resolutionr used in this  sjgnal region defined by 5.27mgs<5.29 GeVt2. Signal
selection are fitted from the data itself, using a large inclugyents appear in the peak near 0 MeV when reconstructed
sive sample ofD decays. The resolution is equal 10 correctly, while the peak around-160 MeV is due to

2 0 -t 2 0 i _
! M?V/f Ofor Di—=K dzecays,o 13 l\_/le\ft _f0r+ D D*DK and D D*K decays reconstructed &DK and to
—K™ 7" 7 decays, 5.7 MeW* for DK w7~ 7" de- — — —
D*D*K decays reconstructed &*DK or DD*K. The

cays, and 5.5 Me\WW? for D*—K #*#* decays. For _ _ _
Mg spectra for the signal region are shown for events with

modes involving twoD® mesons, at least one of them is M= i
required to decay td&~ =, except for the decay modes AE within =2.50,¢ of the centralAE value for the signal.
D* D**K% D* D**K*' andD* D°K*. which have The resolutiono, g is determined from the data and is equal

. . *0
lower background and for which all combinations are acl0 9.9°0.9 MeV for events '”VO'V'”,?O noD™™ and 11.3
+1.1 MeV for events involving on®*". For events with

cepted. AllK and m tracks are required to be well recon- wo D*° candidates, the resolution is estimated from the
structed in the tracking detectors and to originate from ; ’ .
g g onte Carlo simulation to be 13:81 MeV. As explained

common vertex. Charged kaon identification, based on th . s
g above, only the candidate with the loweAtE — AE,« ap-

measured Cherenkov angle in the DIRC anddE#dx mea- i . . :
surements in the drift chamber and the vertex tracker, is usegfars in thémes spectra in the case of multiple candidates.
for mostD decay modes, as well as for the” from theB 5Ot themes spectra for the\E signal region and tha E
meson decay. spectra show clear evidence of a signal. On the contrary, the
B candidates are reconstructed by combining Bri&), Mes spectra for the background = control regionE

one D*), and oneK candidate. A mass-constrained kine- > 50 MeV do not contain any excess of events in Eheig-
matic fit is applied to all intermediate particleB{°, D* *, nal region as expected. When fitting thes spectra, the

0 Dt KO 0 S heB mesons are produced via comblnatorlal background component is empirically de-
D" D7, Kg, 7). Since the P scribed by a threshold functidgril] (henceforth referred to

e"e =Y (4S)—BB, the energy of theB meson in the 3sthe ARGUS distribution

Y (4S) rest frame is given by the beam energy in the center-

of-mass frame,/s/2, which is known much more precisely

than the energy of thB candidate. Therefore, to isolate tBe

meson signal, we use two kinematic variables: the difference g~ f(MesiA.L)

between the reconstructed energy of Breandidate and the £s

beam energy in the center-of-mass framkE], and the més ;{ més

beam energy substituted masegy), defined as =Amgs\/1— — exg — g( 1- —)
m

0

2
/[ s
Mes= (_) _péza (3) . . . .
2 wherem, represents the kinematic upper limit and is held

fixed at the center-of-mass beam energ¢feam
where pg is the momentum of the reconstruct&din the  =5.291 GeV, and\ is a normalization factor. The function
Y (4S) frame. Signal events hawveggclose to the nomingd8  depends on a free parametethat is determined from a fit to
meson mass, 5.279 Gedf, andAE close to 0 MeV. Due the mgg spectrum of the background control region. The

IV. EVIDENCE FOR B—D *)D®)K
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number of combinatorial background events in the signalresubmode is entered separately in a likelihood function used
gion is then estimated by normalizing the ARGUS distribu-tg calculate theB—D *)D®*)K branching fractions. As a

tion to the region 5.22 mgs<5.27 GeVt? in the AE slice

containing the signdlFigs. 2c) and 2d)] and extrapolating
it to the signal region 5.22mgs<5.29 GeVt?. The fitted

ARGUS distributions are overlaid on time-g spectra of Fig.
2.

first step, the ARGUS distribution shape parameter of each
submode(;,, is determined from a maximum likelihood fit
to the mgg spectra of the background control regidvE
>50 MeV. An ARGUS distribution with the shape param-
eter ¢ fixed to this valueZ;, is then fitted to themgg distri-

The number of background events predicted in the signahytion for the signal regiofA E — A Egye/ <2.504¢, exclud-
region by the fit is 188% 24 for neutralB mesons and

2512+ 27 for charged mesons, while 2712 and 3482 events factor A,, is calculated so that the function is normalized to

are observed, giving an excess of 8237 B and 97065
B* events in the signal region.

V. DETERMINATION OF BRANCHING FRACTIONS

In the following, the subscripk will be used to identify
the differentB—D *)D™*)K decay modesi.e., D °D°K *,
D* DK™, etc). The subscript will be used to identify the
different decay submodes of th® D pair (i.e., i=Km
XK, KrxXKam®, Krx K3, etc). The subscriptk will
therefore refer t@ modek decaying intoD D submodsd.

The mgg spectra obtained after & 2.50,g selection on
(AE—AEgy) for all the differentD ®*)D®*)K modes are
shown in Fig. 3 B® decay modesand Fig. 4 8" decay

ing from the fit events with 5.27mgs<5.29 GeVt?. The

the total number of background events and the number of
background events«,cf’kkg, in the signal region for this sub-
mode is calculated as

bk 5.29
Mikg:f (XA, i dX. (5)
5.27

If n, submodes are used for a given mode, the branching
fraction for that mode is then extracted by maximizing the
following likelihood:

M Nigg Rk

Mik ke M
Le=T] 2 ——,
K iﬂl Ni!

(6)

modes. In these spectra and in the table of the associatedhereN;, andu;. are the observed and predicted number of
yields (Table ), for a givenB decay mode the signals from events, respectively, in the signal regiqm is the sum of
the differentD D decay submodes have been summed. Howthree contributions.

ever, to take advantage of the different signal-to-background (1) The predicted signa,leﬁ(, which is the product of the
ratios of the various submodes, the information from eac{unknown branching fraction3, of decay modek, the re-
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FIG. 3. Themgs spectra of the teB°—D *)D*)K modes. For each mode, all tiedecay submodes used in the analysis have been

summed, except fdB modes for which th® X D decay mode is listed explicitly on the plot. The curves correspond to the background fits
described in the text and the shaded regions represent the background in the signal region. Upper left: purgVesteissabn(spectator
decaysB°—D®*)"D®*)K * Upper right: externat internalW-emission decayB®— D) D™*)*K. Lower left: pure internai\-emission
(color-suppressédiecaysB®— D (*)°D(*)0k 3.

construction efficiency;, , the intermediate branching frac- (2) The number of combinatorial background events,
tions BPP, and the number oBB events,Ngg, assuming ik’ determined as described abdy. (5)].

that the number oB°B° meson pairs produced at thNg4S) (3) The peaking backgroundufie™ from other B
resonance is equal to the numberBfB ™~ pairs: —D *)D™*)K decay modes. The cross feed between differ-
< B 5o entD D decay submodes is found to be negligible arfi®
Mik=BeX NgpX ey X B . (7) s therefore calculated as
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FIG. 4. Themgg spectra of the 1B*—D ®)D*K modes. For each mode, all tie decay submodes used in the analysis have been

summed, except fdB modes for which th® x D decay mode is listed explicitly on the plot. The curves correspond to the background fits
described in the text and the shaded regions represent the background in the signal region. Upper left: purgVesteissabn(spectator

decays B*—D *)°D®*)*K2. Upper right: externatinternal W-emission decaysB™—D *)°D™*)OK*  Lower left: pure internal
W-emission(color-suppressediecaysB* —D®*) D) TK*,

— feed is observed between decay modes where a Eeke
phets Zk B XNggx €' (il =ik)x BPP, (8)  replaces a reaD** or a realD°, for instance between
D* DY%K" and D*°D°K™", or betweenD*°D°K* and
wheree’ (il —ik) is the cross feed matrix element that rep-pop*oK +.
resents the_probablllty fd8 model to be reconstructed d& The branching fractiongk for the sets of decay modes
modek for D D decay submode The only significant cross that have significant cross feed are simultaneously fitted, by
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TABLE I. Number of events and branching fractions for each mode. The first error on each branching fraction is the statistical uncertainty
and the second one is the systematic uncertainty.

Total yield Estimated Excess Branching 90% C.L.
B decay mode N in the combinatorial signal Cross fraction upper
signal region background cross feed feed (%) limit (%)
B decays through externsl-emission amplitudes
B°—~D DK™ 599 47912 120+ 27 — 0.17-0.03+0.03
B°—~D D*%K* 468 33710 131+24 — 0.46-0.07+0.07
B°—D* D°K* 584 399-11 185+ 27 — 0.317305+0.04
B°—D* D*°K™" 289 84+5 205-18 — 1.18£0.10+0.17
B° decays through externalnternal W-emission amplitudes
B°~D D'K° 26 19+2 7+5 — 0.08" 392+ 0.03 0.17
B°—D* D*K%+D D**K° 84 34+ 3 50= 10 — 0.65-0.12+0.10
B°—D* D*K° 116 48-4 68+ 11 — 0.88'915+0.13
BC decays through internal-emission amplitudes
BO—.DODOKO 175 1737 2+15 — 0.08-0.04+0.02 0.14
B°_. D oD*9K O+ D *OpDOKO 248 225-8 23+18 — 0.17°015+0.07 0.37
BO_, D *Op* 0K O 123 81+6 42+13 19.8 0.33'055+0.14 0.66
B* decays through externsli-emission amplitudes
B*-DOD*KO 367 317#9 5021 — 0.18-0.07+=0.04 0.28
Bt D*D*KP° 216 175-7 41+16 9.6 0.417913+0.08 0.61
Bt DOD* *K° 77 31+3 46+9 — 0.52"919+0.07
B* D*oD* +KO 89 43+ 4 46+10 9.0 0.78"'323+0.14
B* decays through externalnternal W-emission amplitudes
BT DD " 627 469+ 11 158+ 27 — 0.19+0.03+0.03
B*—D*ODoK* 552 41111 141+ 26 75.3 0.18"33:+0.04 0.38
BT—DOD*0K™* 623 402+11 221+ 27 37.1 0.4%0.07+0.07
B* D *OD*0K* 675 468+ 15 207+30 66.6 0.53 078+ 0.12
B* decays through internaV-emission amplitudes
B*—-D D'K™" 64 65+-4 —-1+9 — 0.00=0.03+0.01 0.04
B"—D D**K* 45 39+4 6+8 — 0.02:£0.02+0.01 0.07
B*—D* D*K* 64 32+3 32+9 — 0.15+0.03+0.02
B*—D* D**K* 83 60+ 4 23+10 — 0.09+0.04+0.02 0.18
maximizing the productl,L, of the corresponding likeli- TABLE Il. Submode branching fractions used in the analysis
hood functions. [12]. The errors oMB(D°—K 7" 7% and B(D°—K =" 7 =)

The D* andD branching fractions used in the branching correlatgd with the error o8(D°—K ™ #*) are indicated sepa-
fraction calculation are summarized in Tablg1P]. Branch-  "ately with the subscripk .
ing fractions for decay modes reconstructed WitII’(&are

calculated for neutrak mesons, including<? . The selection Mode 5 &0
efficiencies and the cross feed matrices for each mode are DK 7" 3.80+0.09
obtained from a detailed Monte Carlo simulation, in which DO—K 7' 70 13.10+0.84+0.3%
the detector response is modeled with t®aNT4 program DK 7 7 ot 7.46+0.30=0.18,
[13]. The simulated event samples®f-D *)D*)K decays DY¥—>K 77" 9.1+0.6
used for the efficiency calculation are generated according to D**—D%" 67.7+0.5

a phase space model. For each decay submode, samples of D**—D" 70 30.7+0.5
about 15000 signal events have been produced. In addition, D*°— D% 61.9+2.9
data are used whenever possible to determine detector per- D*°—D% 38.1+2.9
formance: tracking efficiencies are determined by identifying KIomtam™ 68.60+0.27

tracks in the silicon vertex detector and measuring the frac

092001-9



B. AUBERT et al. PHYSICAL REVIEW D 68, 092001 (2003

TABLE lll. Fractional systematic uncertainties on efficiencies and branching fractions.

Item Fractional uncertainty on efficiency or branching
fraction
Charged track reconstruction 0.8% per track for tracks with more than 12 hits

required in the drift chamber
1.2% per track for tracks without drift chamber
requirement

Kg reconstruction 2.5% pek?, added in quadrature to the track
reconstruction error

0 reconstruction 5.1% per®

y from D*°— D% 5.1% pery (correlated with ther® systematiy

K* identification 2.5% peK™

Vertex reconstruction 1.3% per two-track vertex

3.1% per three-track vertex
5.7% per four-track vertex

o(AE) 2% for modes with zero or onB*°
5% for modes with twd* %’

Background description 5% to 20%ARGUS shape parametef, mode
dependent
3.5% (end pointmg)

Monte Carlo statistics 2% to 10% peD D submode(mode and submode
dependent

Intermediate branching fraction See Table Il

Number ofBB 1.1%

Decay model 5%

tion that is well reconstructed in the drift chamber; the kaon For the decay modes with a significan8e/B smaller
identification efficiency is estimated from a sampleDf* than 4, a 90% confidence levéC.L.) upper limit is also
—D%*, DK™ 7" decays; they and w° efficiencies are  derived. HereB is the sum of the combinatorial background
measured by comparing the ratio of eventS(7"  and of cross feed, whilé=N-B, whereN is the total yield
—v,h"7®)IN(7* —v.h*7%70), to the published branch- in the signal region. For instance, the decay mdgie
ing fractions[14]. Typical efficiencies range from 20% for _,p+*0p0k+ has a large number of signal events but its

B*—DO°D°K " with bothD® mesons decaying t§ =" to  significance is lower than 4 because of the large cross feed
less than 1% forB*—D* D**K*(D**—=D°", D*~  fom B*—D°D*°K* andB®—D* ~D°K "

—D% ") with D° mesons decaying tK 7" #° or
-t =+
Kia a . _ VI. SYSTEMATIC STUDIES
Detailed event yields, summed over all tbeD decay .
submodes, are given in Table | for eaBhdecay mode, to- Due to the large number &~ mesons and to the large

gether with theB—D *)D®*)K branching fractions. The ex- track multiplicities involved in the decayg—D *)D*)K,
cess is the difference between the total yield and the combfhe dominant systematic uncertainties come from our level of
natorial background in the signal region 52z understanding of the charged kaon identification and of the

<5.29 GeVE2. It includes the contribution from the signal charged-particle tracking efficiencies. Both systematic uncer-
itself and from the cross feed from the othB*)p()K  tainties are estimated for each track and are given in Table

modes. The number of cross feed events is computed fro |. Another important systematic is th_e uncertainty I|nl_<ed to
. he background description. One of its components is from
the cross feed matrix and from the measurdll

)M (%) ) ) ) the uncertainty on the number of background events and is
—D™DYK branching fractions. When omitted, the pre- yominated by the uncertainty on the ARGUS shape param-

dicted number of cross feed events is smaller than 5 and hager ¢, The relative error on the branching fractions associ-
been neglected in the b_ranchlng _fractlon calculations. Ongtaq with this component varies from 5% up to 20% depend-
should note that the fractional statistical error on the branchl-ng on the mode and is uncorrelated from one mode to

ipg. fractions cannot be directly related tq the fractional sta;qther. The other component is from the end poigdf the
tistical error on the excess since the different decay subarcys gistribution. Changingi, by =1 MeV results in a
modes of theDD pair (not detailed in the tabjeenter with  +1.49% change of the fitted combinatorial background. The
different statistical weights in the branching fraction calcula-associated fractional error on each branching fractions is es-
tion, while the yields given here are a raw sum over all thetimated to be+3.5% on average and is correlated between
DD decay submodes. all the modes. Other systematic uncertainties are due to un-
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certainties on thé® andD* branching fractions, ther° re- T T T T T
construction efficiencies, th® vertex fit quality require- B — D®prk* (a)
ments, and the\E resolution used to define the signal box, «, E L
as well as the statistical uncertainty on the efficiency due to> |- ini

the finite size of the Monte Carlo simulation samples and theE

uncertainty on the number &B events in the data sample. g
The different contributions to the systematic uncertainties on £ -
the branching fractions are summarized in Table 1.
Possible decay model dependences of the efficiencie:
were also studied by generating the dec&ps-D* "D e T ———
and B>-~D* D'}, (DL,D'5—D*°K"), where DJ; is - B — DYp°K? (b)
the narrow =1 MeV, m=2535.35 MeVt?) orbitally 3
excited 1" state of theDg; system andD’]; is a wide -
(I'=250 MeV, m=2560 MeVk?) D, resonance. The ef-
ficiency for reconstructing these modes was compared to the
efficiency found for B°—D* "D*°K™ decays generated o
with a phase space model. We found no statistically signifi- .
cant difference in efficiencies; we assign a systematic uncer o
tainty equal to the statistical error of the rafi). L N T T A A R
For the decay modes with a low significance, 90% confi- 045 0.5 0-5(2)0K+ 06 . 265 07 0.75
dence leve(C.L.) upper limits on the branching fractions are m(D"TK)-m(D) (GeV/er)
also derivedTable ). These upper limits are computed from £ 5 (2) Am=m(D*°k*)—m(D*?) distribution for events
Poisson statistics, taking into account the systematic unce
tainties desribed above, with the program describeld .

Feconstructed in theB—D *)D* K+ signal regions.(b) Am
=m(D°K*)—m(D°) distribution for events reconstructed in the
B—D ®)D%K™* signal regions. The signal regions fbr;;(2536)
VII. SEARCH FOR RESONANT SUBSTRUCTURE —D*%K " (a) andD4(2573)~D°K* (b) are indicated by dashed

— lines.
B—D *)D®*)0* decay modes are used to probe the

possible presence of intermedidie ; resonances decaying <23 MeV, JP=1*, andj =2 [12]. Because of conserva-
- . ’ 1 q .

into D)°K*, whereD, are P-wave excitations of thes  tion of parity and angular momentum, only the decays
system. In the heavy-quaricharm) mass limit, the spin of + (5536) ,D*K are allowed. In this analysis, a search is
the heavy quark decouples, and both the gpifi the meson made for theD ,(2536) in the final stat®* °K * in the four
and the total angular momentugspin plus orbital j, of the decay modesle°—>D*D*°K* BO_.D* D*K* B*
light quark become good quantum numbgt$,17. There — G Ob + + =4 Om% 0L+ i t
are four P-wave states with the following spin-parity and—DP D" K", andB *_’+D0 D*"K™. This resonance is not
light-quark angular momenta:*O(jq=1/2), 1+ (14=1/2), reconstru'cted in j[h@ Kg final state due to its lower re-
17 (jq=3/2), 2 (jq=3/2). The twoj,=3/2 states can un- Cconstruction efficiency. _
dergo only D-wave decay and therefore have narrow widths. F|gf(r)e +3a) ShEWS the distribution of the variablém
The remainingj,=1/2 states decay via S waves and are=M(D* K")—m(D ©) for the eventszreconstructed in the sig-
expected to be quite broad. Their masses are predicted to 5@l region (5.2 megs<5.29 GeVe?) for these four decay
~2.48 GeVE? (0%) and ~2.55 GeVE2 (17), while their mode§._ The dIS.tI’IbU'[Ion is fltted_ Wlth_a Gaussian functlon
widths are predicted to be a few hundred MEAS]. How- describing the signal. The comblnat(_)rlal background is rep-
ever, the recent observation by BABARCollaboration of a  fésented by a threshold function defined as
narrow state decaying tﬁ)§7r°, with a mass of 2316.8 g(Am)=N(Am—Am )Bea(am=Amg) (9)
+0.4 MeV/c? (statistical error only[20], would contradict 0 '
these predictions and could indicate that tHe=0" state
has a mass lower than tz™*)K threshold; if this interpre-  _ 557 9 Mevi2 and standard deviatiow, .= 3.5 MeV/
tation is conflrmed, the 0 state would therefore not contrib- c?) are fixed to the values obtained from a fit to the same
ute to theB—D *)D(*)K final state. distribution resulting from the reconstruction of inclusive

In the analysis described below, the two narrow reso’ (2536)—D*°K " decays in a large sample of events. To
nancesD_;(2536) andD_,(2573) are considered. The full approximate the B—D *)D’(2536) signal sample as
Dalitz plot for the decag’—D* "D*°K ™" is also examined. closely as possible, the Si;clusiv®+1(2536)—> D* 0K +

! S

. sample is restricted t " momenta lower than 700 Me¥/
A. D (2536 The fitted resolution is in good agreement with the value
D/,(2536) is the most probable resonance to contribute te@xpected fromB— D *)D;(2536) signal Monte Carlo. This

B—D *)D(*)K decays. It has already been observed and itProcedure yields an estimated signal of’28D;(2536)
measured parameters arma=2535.35-0.60 MeV/ic?, T —D*°K* events out of 76450 B—D *)D*°K* events.

The parameters of the Gaussian functiamean valueAm;
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FIG. 6. (8) Am=m(D*°K ") —m(D*°) distributions of the events reconstructed in the fBurD *)D*°K* decay modes, with 5.27
<Mgs<5.29 GeVE2. () Am=m(D°K*)—m(D?) distributions of the events reconstructed in the fBurD *)D°K ™ decay modes, with
5.27<mgs<5.29 GeVE?. These distributions are fit with the sum of a threshold functj¢&g. (9)] for the background components and a
Gaussian function for thB ¢;(2536) andD¢;(2573) components. The mean value and standard deviation of the Gaussian distributions have
been fixed to the values obtained from a fit to the inclushg(2536) andD;(2573) samples, as described in the text.

In order to extract upper limits on the contribution of on the estimated background and a 5% systematic uncer-
DJ,(2536) to B—D *)D*)k decays, the same method is tainty accounting for the imperfect knowledge of the resolu-
applied to the four individual decay modes, as shown in Figtion on the reconstructel;(2536) mass. These results can
6(a). The region 519 Am<537 MeV/c?, illustrated by the be compared to the only existing measurement of inclusive
dashed lines in Fig. (), is defined as the signal region and D¢;(2536) production inB decays, B(B— D (2536)X)
the number of combinatorial background events in this re<<0.95% at 90% C.L[19].
gion is estimated from the fit by integrating the background
function g defined in Eq.(9). The total number of events B. D3,(2573
observed in the signal box is compared to the expected com- The contribution of theDJ(2573) resonance tB
binatorial background when extracting the limits. Table IV s
summarizes the results obtained and gives a 90% confiden

level (C.L.) upper limit on the product of branching fractions . . +

BB DIp+ (2536) X BD,(2536)-D*°K*).  These excitedDg; doublet, together with thsl(_2536). The world
ST sl sl - o average values of its mass and width ame=2573.5
limits are computed from Poisson statistics, taking into ac- 1 7 MeV/c2 and =155 MeV [12]. Its spin parity has
count[15] the systematic uncertainties on efficiencies anq:ot.been measured but i{4 :

. ; . . ) s natural width and decay properties
intermediate branching fractions, as well as the uncertainty ' = ciciant with 9P =2+ state[12]. If it is indeed a

—D *)D&)K decays is also studied. This resonance is
<fl‘waought to be the other narrow state in flye=3/2 orbitally

N ot o spin-2 resonance, it cannot be obtained witkiVanediated
TABLE V. D (2536)-D*"K" contributions t0 B yee diagram but might still be reached through final state
—D®)D*%K* decays and limits onB(B—D *)DJ(2536) interactions.
X B(D;(2536)—D*°K™) in units of 10°*. The allowed decay modes of th®/;(2573) areDK and
D*K, both proceeding throlga D wave. Because of the
limited phase space, the latter is highly suppreq44&d In
this analysis, a search is made for ig(2573) in the decay

B decay mode Total yield Estimated B (10 %)
in DS,(2536)  background ~ 90% C.L.

signal region mode DK™, in the four channelsB°—~D D°K™",
D D*%K* 16 7.8:0.6 <5 D* "D°%K*, D°D°K*, andD *°D°K *.
D* D*°K™" 13 7.3-0.6 <7 The method developed for th®Z;(2536) study is ap-
DOD* 0K+ 12 11.1+0.8 <2 plied. Figure %b) shows theAm=m(D°K*)—m(D°) dis-
D *0pD*O0K + 20 8.7+0.5 <7 tribution for the events reconstructed in all fouB

—D *)D°K* decay modes. The mean value and the stan-
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+ O + H 7 — ; . — 12 — —— ——
IABLE +V' D53(2573)_>_D _K Conmbitloner o B , 8 - Boé D.-D‘»0K+ : ‘ 1 < [ me tphase spolce model)| ]
—D®DO* decays and limits onB(B—D *)D/(2573) = 60 - (o) YT S Hb) i R
X B(D{{(2573)—D°K™) in units of 107, =t NI , ]
Q40 b rhid L8t ]
Total yield £20 N S =) 1
B decay mode  in DJ{(2573) Estimated B (10™%) P ST I e
: H 0, 5.2 5.225 525 5275 53 15 20 25
signal region background 90% C.L. g (GeVIED (D" D™ (Gevic)
D-DOK*+ o5 26+ 3 -1 VZIZZ‘(c‘:)W'H‘IbétG‘Z %30 (d|l|:IMCIL
D* D%K* 41 42+3 <2 S0 F R 1 %0 F B comb. bkg.
DoDOK* 38 29+3 <2 < . ] g }+ ﬂ «Data 1
D*ODOK* 37 30+3 <5 & g 1 Ew0 ]
a6 v L‘E - )
L1 ReRiR i b
15 20 25 2.5 275 3 325 35
— . . . 0 D) (GeV/c* D"K") (GeV/c*
dard deviation of the Gaussian component of the fit function »s m(l — ,),(lf : ,C,)l 3 20 e Tn( - I)f - .CI)‘ T
are fixed, respectively, taAm=708 MeV/c?> and o,p %, E (e R () 1
2 . . . > >15 | —
=6 MeV/c, which are the values derived from a large in- 2, N E
clusive DJ}(2573)~DK* data sample. The fitted yield of Sk g1 E
D{1(2573)~DK " decays is 139 events out of 604 54 i s g s 0 5
B—D ®)D%K™ events. o E R R i

Y, . 0 e
Defining the signal region 687Am< 729 MeV/c?, 90% 4 mfg*s-n"") (“(’}Sev /02)“'75 25 2';5@*-1&3) (GCVZZ)S 35

C.L. upper limits on the contribution ob/,(2573) to B

. D&IpHxK decays are set for each of the four individual FIG. 7. Dalitz plots and projections for the dece§’®

decay mode§Fig. 6(b)]. The number of events observed in —D* D*°K". (@) mes spectrum of th&® candidates in the data.

the signal box, the number of background events expecte-ahe c_iashed lines |nd|c§1te _the signal region usegl in tohe+DaI|tz plot

from the fits, and the resulting limits on the product of @1d in the mass projectiondb) Dalitz plot m*(D*"K") vs

) ) = m?(D* ~D*%) for Monte Carlo signal(c) Dalitz plot m?(D*°K )
branChlng fraCUOnSB(B—)D(*)D;J(2573))XB(D;J(2573) Vs mZ(D*fD*O) for data in themgs signal region.(d),(e),(f)

0 . .
—DPK™) are given in Table V. m(D*°K*), m(D* ~"D*9), andm(D* “K™) in the data. The cross-

hatched histograms show the contribution expected from the com-

C. Dallitz-plot analysis of the decayB°—D* "D*°K* binatorial background. The open histograms show the contribution

expected for three-bodg’—D* “D*°K* decays generated with a

As suggested in Ref[21], the study of decaysB phase space model.

—D®D®™K could be used to search for evidence of the
yet undiscovered broagl,=1/2 Dy, states, if the decays

D.;—D®)K are allowed by the available phase space. Th
decay modeB°—D* "D*°K*, which has the largest num-

ber of reconstructed events and also has the highest purity, J'ﬁme of broad resonances in the decay chain is accounted for
used for this search. The results are shown in Fig. 7. Th

) 5% relati temati Il the
upper right plofFig. 7(b)] is the Dalitz plotm?(D*°K ™) vs y—i) (*0) refative ~ systematic - error on - at the
m?(D* “D*%) expected for three-bodyB°— D* ~D*%K * —>-D D™’K branching fraction measurements described in
decays generated with a phase space model. The Dalitz plgf's paper.
m?(D*°K*) vs m?(D* ~“D*°) for data events in the signal
region 5.2 meg(D* “D*°K 7)< 5.29 GeVE? [Fig. 7(a)] is VIil. CONCLUSIONS

shown in Fig. Tc). The next threfoplgtszigs. —’,Ed) 7+(e), and A measurement of the branching fractions for the 22
7(f)] show the projectionsn(D*'K"), m(D*"K"), and  Zu)neok modes is given in Table I. For the decay

m(D* ~D*°) for the same events. The cross-hatched histo- . .
grams show the contribution expected from the combinato[.m.d(.as for Wh'c.rS/\/E IS S”.‘a”er than 4, a 90% CL upper
mit is also derivedhere,B is the sum of the combinatorial

&‘i‘hbﬁkig’fﬂg*‘g‘;f)ihg FZJESGir\?bge“.\r/ﬁg f(r)c;gnthﬁiscte(\)/ent ackground and the cross feed background from other
E . . -

grams show the contribution expected for three-b@fy D *’D*’K modes ands=N—B, whereN is the total yield
—D*~D*°K™* decays generated with a phase space model" the signal region IhIS is the first complete measurement
The density of events in the lower region of the Dalitz plotof all possible B—D *)D®*)K channels. The measured
[i.e., for small values ofm(D*°K™) and large values of branching fractions are in good agreement with earlier mea-
m(D* “D*9)] is significantly larger in the datfFig. 7(c)]  surements made with smaller data sets for some of these
than in the simulation with no resonandég. 7(b)]. It could ~ modes[5-8].

be interpreted as the presence of a broad resonance decayingThe existence of the dec&8’—D* ~D* +Kg, which is

to D*°K™*, like the JP=17, jq=1/2 state predicted by an admixture ofCP even andCP odd eigenstates, has been
heavy-quark symmetry modelgl6—-18. However, more demonstrated. This decay mode could be used in the future,

events are necessary to confirm this hypothesis and to esti-
$nate the resonance properties such as mass and width.
As previously discusseSec. V), the hypothetical pres-
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with larger event samples, to determine sthand cos@  analysis of the decay8°—D* D*°K" shows that the
[22—24. A significant signal for the color-suppressed decaythree-body phase space decay model does not give a satis-
modeB"—D* DK™ has also been observed. factory description of these decays.

One of the motivations of this analysis is to understand

whether decayB—D *)D®*)K can explain the wrong-sign
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