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Direct measurement ofB(D°%— ¢X°) and B(D*— ¢X™)
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The first measurement &(D%— ¢X°) and an upper limit foB(D*— ¢X*) are determined from 22.3
pb~! of e*e” annihilation data at a c.m. energy of 4.03 GeV. The data were recorded by the Beijing
Spectromete(BES) at BEPC. A recoil charge method is applied to charm threshold data to determine the
charge of theD meson in the recoil from 9054309+ 416 reconstructe®®, D mesons. The branching
fractionsB(D%— ¢X%) = (1.717378+0.17)%, andB(D * — ¢X ") <1.8% are determined from 10 events with
a reconstructed and a recoilings. In addition, a 90% C.L. upper limit oB(D " — ¢e*X%)<1.6% is
determined from a search for semileptonic decays offie

PACS numbsefs): 13.25.Ft, 13.20.Fc, 14.40.Lb

[. INTRODUCTION and K° mesons, and no measurement has been made on
their rates to thep meson. The inclusive branching fraction
Much of the impressive progress made in heavy flavoB(D— ¢X) serves as an independent check for the existence
physics since the discoveries of open charm and boftgm of additional exclusive decays ﬁ)‘_mgsons tha_t containd,
has been in the areas of lifetimes, spectroscopy, semileptonf¢here a large decay rate might indicate undiscovered exclu-
and exclusive decays. Experimental results on inclusive desive decays and reveal new decay mechanisms of the

cays of charm mesori3® andD* are limited[2,3] to theK *

Throughout this paper, charge conjugation invariance is assumed,
*Deceased. and charge conjugate states are included.
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1000 |- () Recail O ' flux return, and serve to identify muons with transverse mo-
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FIG. 1. Monte CarloQ, distributions for inclusive(a) D* D*(2010*D~,D*(2007)°D?,
decays, andb) D° decays. In both cases tlie mesons are in the
recoil against a fully reconstructed charm meson. D*(2010*D* (2010,
0 0

charmed mesons. It is also important for studies of gluonic D*(2007°D* (2007

penguin p—sg) decays ofB mesons[3], and for time- q VDD, he D* (2 . q ith
dependentgS) oscillation measurementig] that use agl an__(p))os& OyDDTr_' The D¥(2010)" can ”ecay_to (_a't er
7 DY or w(y)D~. The prompt or transition pion is not

pair to tag theBg meson. In both cases the deday- ¢X ; . . .
poses as a major background. In addition, at high precisioffi€ntified. Reconstructing a specifit meson does not nec-
experiments such as tHg factories and the CERN Large essarily determine whether the recoilibgmeson is charged
Hadron Collider (LHC), accurate measurements of OF neutral. In order to measur@(D°— #X°) and B(D*
b-flavored particles can benefit from a better knowledge of— ¢X*) specifically, the numbers of neutral and char@ed
overall charm decays and their branching fractiond8 ase-  mesons recoiling against a reconstructedmeson, which

sons decay predominantly into charmed mesons. tags theete”—DD events, and the types of tH meson
In this paper, we report a first measurement of the inclufrom which the¢ mesons come, must be determined.
sive ¢ decay branching fractions of charged and neubral A recoil charge method for identifying the type of the

mesons and a search for the exclusive semileptonic decagcoiling D meson has been devised for this measurement.
D" — ¢e* X based on an analysis of 22.3 pbof data col- ¢ Js=4.03 GeV, charged pions arising frob¥ (2010)"

lected with the Beijing SpectrometéBES) in e'e” annihi-  gecay are very slow, and are mostly undetected in the BES
lations at\s=4.03 GeV. detector. Only charged particles from decay<Ddf and D°
are measured, and their total charge is correlated with the
Il THE BES DETECTOR type of the motheD meson. Figures(d) and Xb) show the

Monte Carlo distributions of total detected recoil charge,
The BES detector has been described in detail elsewheig _ | of D* andD® mesons against a fully reconstructed

[5]. Here we briefly describe detector elements crucial to thisneson, respectively. They are centered-atand 0, respec-
measurement. tively, and have a spread of aboutl or -1. The recoil

BES is a conventional solenoidal detector operated at thenarge method selects neutral and chamedesons accord-
Beijing Electron Positron CollideBEPQ [6]. A four-layer ing to

central drift chambefCDC) surrounding the beam pipe is

used for triggering purposes. A forty-layer main drift cham- Qrec=0, OF Qec=Fp=-—1 for D° @

ber (MDC) located just outside the CDC provides measure-

ments of charged tracks and ionization energy l@ds/dx) and

with a solid angle coverage of 80% of#for charged tracks.

A momentum resolution of 1.794 + p? (p in GeV/c) and a

dE/dx resolution of 8.5% for Bhabha electrons are obtained .
o whereFp is the charm quantum number of the reconstructed

for data taken at/s=4.03 GeV. An array of 48 scintillation — . . e

counters surrounds the MDC and measures the time of fIigHP meson. The efficiency, and the m|_5|dent|f|cat|on raté,

(TOF) of charged tracks with a resolution of about 350 ps foro_'c the r_ec0|l charge ”.‘ethOd are qbtamed from Monie Carlo

Bhabha electrons and 450 ps for hadrons. Surrounding thimulations. The relative contributions to thesample from

TOF is a 12-radiation-length, lead-gas barrel shower countdhe production interactionse’e” —D*D and e'e”

(BSO) operated in limited streamer mode, which measures—D*D* are obtained directly from data and are taken into

the energy of electrons and photons over 80%®f with an  account in the simulation. For inclusi@&decaysg andf are

energy resolution ofrz/E=0.22AE (E in GeV), and spa- determined to be 0.740.02(sys) and 0.250.02(sys), re-

tial resolution ofo,=4.5 mrad andr;=2 cm for electrons.  spectively, and are the same for both charged and neutral

Outside the BSC is a solenoidal magnet providing a 0.4 TrecoilingD mesons. The parametesrsandf vary among the

magnetic field for the central tracking region of the detectordecay modes of th® mesons as they produce different

Qrec-Fp<0 for DT (2
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FIG. 3. Momentum distribution ofa) the K™ «*, (b) the
K 7 @ a*, and (c) the K- 7" 7+ combinations that pass the
selection criteria and the mass cuts mentioned in the text.

FIG. 2. Monte CarloQ,. distributions for(a) D* — ¢X* de-

cays, andb) D°— ¢X° decays. In both cases tlfeand theD are
fully reconstructed.

T . whereNy andN_ are the events that pass the recoil charge
charge multiplicities. The errors quoted here are systematlcee g as neutral and charg&meson candidates, respectively
which are the rms spreads ef and f among allD decay j '
modes generated in the Monte Carlo simulation. These vacb'\lqDO andNp- are the true numbers of neutral and charged

ues are confirmed with data using a kinematically selecte pesons in the recoil, and, is the fraction of recoiling>*
9 y ih the D tag sample. The values df; andN, are obtained

data sample ok"e"—~D'D~ ande’e —D°D’ where irectly from data. Using Eqs3) and (4) Npo andNp+ in
oneD meson has been reconstructed. The values from datgqchp decay mode are determined.

£=0.79+0.04(stat), f=0.16+=0.04(stat) agree well with
the Monte Carlo estimates of=0.795-0.015(sys), f
=0.204+-0.015(sys) for the exclusive interactioa™e" IV. DATA ANALYSIS

—DD. The slightly higher efficiency for this sample is due A. Event selection
to the absence of charged transition pions fidih decays.
When both aD meson and a recoip are fully recon-
structed, the efficiency of the recoil charge method is im
proved over that of the inclusivi® events because there are
fewer remaining charged tracks in the event and they tend t
cluster along thep direction due to the boost of tH2 meson,
and are therefore well within the detector acceptance.
Monte Carlo study of variouB decay modes into final states
containing a¢ has been performed, and the variations
among their efficiencies are included in the systematic errors. S _
The Q.. distributions are shown in Figs(&@ and 2b). For B. Analysis of inclusiveD meson events
events with a reconstructegh, the recoil charge method  Charged and neutrdd mesons are reconstructed in the
identifies the recoilD meson type correctlf91+1(stat) DK 7', K 7w «'#" and D*—K =% decay
+2(sys)|% of the time and misidentifies @ in [9  modes. Figures(®d), 3(b) and 3c) show the momentum dis-
= 1(statp=2(sys)|% of the events. The first errors are due triputions of selectedKnz combinations with invariant
to Monte Carlo statistics, and the second are systematigasses within+2.5 standard deviations of the nomiriaf
which are the rms spreads efandf over the decay®®  andD* masses. The lowest momentum peak in each figure
—¢m’,pm'a andD’— ¢’ ¢pm w7 that are gen- corresponds td® mesons frome* e~ —D*D*, the middle

erated in the Monte Carlo simulation. . . .o -
To determine the numbers of neutral and charBeche- peak is predommant_ly due "¢ —DD*, and th_e sm_all
enhancements at high momentum are from direte

sons on the recoil side, we use the relationships i ]
— DD production.

To reduce combinatorial backgrounds oilymesons in
( NO) :<8 f)( NDO) 6) the lower two momentum regions are used in this measure-
N f &)\ Np+ ment. Figures @), 4(b) and 4c) show the invariant mass
distributions for selectedns pairs. A binned maximum-
likelihood fit to the distributions with a Gaussian signal func-
tion and a third order polynomial background yields 10371
+357 events. SomP events enter th® signal region more
- Np+ _ eN+ —fNo 4) than once due t&-7 interchange and random combinations,
* Npo+Np+ (Npo+Np+)(e2—f?) and are doubly counted in the fit. The rates of double count-

Charged tracks are required to have good helix fits. These
tracks must satisfycos#|<0.8, whered is the polar angle,
and must be consistent with originating from the primary

vent vertex. For charged particles, a combined confidence
evel calculated using the dB{cand TOF measurements is
Aequired to be greater than 1% for thehypothesis. For the
kaon hypothesisl.,>L . is required, wherd is the likeli-
hood for a particle type.

and
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FIG. 5. Invariant mass of inclusivié "K ~ pairs.

FIG. 4. Invariant mass distribution of selectég) K~ 7, (b) pairs. A fit of convoluted Breit-Wigner and Gaussian func-
K m"a* 7, and(c) K-« 7" combinations. tions plus a third order polynomial background gives a fit
mass of 1.0194 0.0002 GeV¢? and a total of 1108 70 ¢
ing are evaluated to be 14% f@° and 5% forD™, using  events. In this measurement, tiesignal window is defined

data and Monte Carlo events. The largest variation in thesgs the region from 1.00 to 1.04 Ged/ as indicated by the
rates between data and Monte Carlo simulation is found t@rrows in Fig. 5.

be 3.6% and is included in the systematic error. Specific to

the K_*w*a-.rﬂ-r* mode, partially reconstructeB® events 2. Inclusive DX

combine with slow pions to produce an enhancement at the N

D° signal position with a resolution similar to that of the Figures €a and &b) show the mass ok "K - pairs re-
signal. A Monte Carlo simulation indicates this enhancemeng0iling againstd™ andD ™ candidates, respectively, and the

accounts for as much as 6.2% of the number f  full data are shown in Fig.(6). )
K~ atat events given by the fit. This variation is also 1O estimate the number of signal events, KieK~ mass

included in the Systematic error. intervals 0.98-1.00 Ge‘¢? and 1.04-1.15 Ge‘tF are

After subtracting the doubly counted events, a sample ofaken as background regions for tie The Knm mass re-
9054+ 309+ 416 tagged events is selected which contains irfions from 1.7 to 2.1 GeW?, excluding regions within
the recoil 6767 298+ 446 D° and 2287283+155D " me- i3aMD of the fit D masses, are defined as sideband back-
sons, as determined by the recoil charge method using Eqground control regions for thB mesons. As shown in Fig.
(3) and(4), where the first errors are statistical and the sec6(c), 15 events are found d3¢ candidates, and 14 events
ond systematic. The systematic errors are due to variations iare selected as background sample outsided¢thmass re-
the mass fits, the subtraction of doubly counted events, angion. Using theD side band events, a total of &:®.5 events
the uncertainty of the efficiency of the recoil charge methodhas been estimated as the background amondtieandi-

A summary of these events is presented in Table |. Thesdates. Subtracting the background contributions to both the
recoilingD® andD* mesons are unbiasé decay samples D and the¢, we obtain an excess of 1:2.0 events in the
for measuring branching fractions. ¢ signal region.

An independent estimate of the number of recoillDg

and D* has been carried out using measured production

— . N
cross sections ob*D andD*D* and the branching frac- Q : i () 7]
tions of D* andD mesons. The result is consistent with the > L i
recoil charge method. é') L ” ” |'|_|
s aptl  nndhio o
C. Measurement of branching fractions i 4 ®)
3F -
1. Reconstruction of¢—>K+K' events n o, L A
+=
The ¢ meson is reconstructed through its decaj ta ~. 8 1F nnon M 1
Figure 5 shows the invariant mass distribution Kt K~ LE Z ! T '
_ ©
TABLE |. Determination ofD meson sample. 3F .
2 bk -
D tag Number of r, Npo Np+ 1Lr I P‘l |'”J-| ” I-I'“—I M
type D events %.95 1 1.05 11 115
D° 6895:288  0.20 5513280 138269 Inv. Mass (GeV/c?)
D* 2159+112 0.42 1254102 905:47
Sum 9054+ 309 6767 298 228783 FIG. 6. Invariant mass distributions &*K ™~ pairs recoiling

against fully reconstructe@ D°, (b) D™, and(c) D° orD ™.
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T T T TABLE Il. Branching fractions and limit$90% C.L).
=~ 4 F -
QO (a) :
-~ 3} o Decay mode b.f(%) Experiment
E 2 F 1 Df—¢mt 0.61+0.06 WA82et al.
1F ot 2.3r1.0 ACCMOR
1 ﬂl-l] ﬂ : |_| ”ﬂﬂ r PK*T 0.013 39% E687
~ 41 i pev <2.09 MK3
2 .l ®) ] dutv <3.72 MK3
g pmtmt T <0.2 E691
> 2T T pet X0 <16 this experiment
Mo I-I ” ” n |-| . X+ B <1.8 this experiment
0 1 L L DO $K° 0.86+0.10 ARGUS,CLEO, E687
095 1 1.05 11 LIS $mta 0.108+0.029 ARGUS, CLEO, E687
d0 <0.14 ARGUS
Inv. Mass (GeV/c?) b7 <0.28 ARGUS
) <0.21 ARGUS
FIG. 7. Invariant mass distributions K"K~ pairs identified as X0 1.71°978+0.17 this experiment

0 +
from (a) D%, and(b) D™ D— ¢X 1.34+0.52+£0.12 this experiment

Figures Ta) and 1b) show the invariant mass of the
K"K~ pairs fromD* andD?, respectively, as identified by 4
! ’ 3 1.9
the recoil charge criteria. After subtraction of backgrounds Based on 9.7;3 D°—¢X® and 0.873 D' —¢X"
estimated using the and D side bandsN0=8.9f‘31'é po  events. The branching fraction and 90% C.L. limit
— ¢X° candidates, antl, =1.3°19 D" — ¢X* candidates
are estimated from Figs.(&@ and 7b), respectively. From

0 0y _ +0.76
Eq. (3) the numbers of specifiD®, D' decays are deter- B(D"—¢X")=(1.7197:+0.19%,

mined via
+ +
. o eNg— N, B(D"— ¢X")<1.8%,
N(D"— ¢X") = T ©)
are obtained, where the first error is statistical and the second
and systematic. The systematic errors arise from uncertainties in
the numbers of signdd andD — ¢X events, and the error in
N .. €NL—=TfNg the inclusive ¢ efficiency, which are propagated into the
B(D"—¢X")= 2_f2 ®  final results using Eq95)—(7). The final systematic errors

are obtained by adding these uncertainties in quadrature.
to be 9.753 D°—¢X° events and 0513 D' — X"
events. The errors are statistical and are evaluated with a 3. Search for the decay D—getX

multinomial distribution that allows the fluctuations of the Of the 15D ¢ candidates selected four are accompanied
signal and the background. The branching fraction can bgy at least one charged track with|nos6<0.85. These

obtained from the number dd events Np) in the recoil  ya0ks are tested against electron hypothesis where to identify
against the taggeD mesons, and the number Di¢) events  gjecirons, a confidence level of greater than 1% is required,

(Npy): andL>L ., using dE/a information. None of the tracks are
identified as electrons.
B(D— ¢X) = Nog @ From no observed ™ — ¢e* X% event in a sample of
NpX ey 2287D" decays, and a detection efficiency of 0.0652 for the

_ o decay, a 90% C.L. upper limit &(D " — ¢e"X°)<1.6% is
where the¢ detection efficiency ,=0.084+0.006 as deter- pjaced.

mined from Monte Carlo simulations. The error is systematic
due to¢ reconstruction and the choice of tlgesignal win-

dow. Assuming 10.24.0 signal ¢ events, the average V. DISCUSSION
branching fraction for the BES mixture @° andD* me-
sons is measured to be These BES results, together with branching fractions
listed in the 1998 Particle Data GroypDG98 book, are
B(D— ¢X)=(1.34+-0.520.12%, summarized in Table 1l. Compared with existing measure-

ments of exclusivdd® andD " decays containing & in the
where the first error is statistical and second systematic. final states, as shown in Table Il, these BES branching frac-
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