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The absolute inclusive semileptonic branching fraction of theDs meson has been measured based on
22.3 pb21 of e1e2 collision data collected with the Beijing Spectrometer atAs54.03 GeV. At this energy, the
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Ds are produced in pairs:e1e2→Ds
1Ds

2 . We reconstructed 171621615 Ds events in five hadronic decay
modes. In the recoil system of these events, severalDs inclusive semileptonic decays were observed and the
branching fraction is estimated to beB(Ds

1→e1X)5(7.724.322.1
15.712.4)%. @S0556-2821~97!04119-2#

PACS number~s!: 13.20.Fc, 14.40.Lb

Contrary to the expectations of the simple spectator
model, the lifetimes of the charged and neutralD mesons are
very different @1#. The total decay widths ofD1, D0, and
Ds

1 are found to be in the ratio 1:2.5:2.3@1#, indicating large
nonspectator effects in charmed meson decays. These may
be due to interference between hadronic decays. It is ex-
pected that the semileptonic decay widths for theD mesons
will be approximately equal. The inclusive electronic semi-
leptonic branching fractions of theD1, B(D1→e1X)
5(17.261.9)%, andD0, B(D0→e1X)5(7.761.2)% @1#,
are consistent withGSL(D

1)'GSL(D
0) by using the differ-

ent lifetimes of theD1 and D0. The branching fraction of
B(Ds

1→e1X) is expected to be about 8%. Mark III placed a
90% C.L. upper limit of 20% on this decay@2#. The inclusive
semileptonic decay width ofDs can also be compared with
the sum ofDs exclusive semileptonic decay widths@3–8#.

This paper reports a measurement of the inclusiveDs
semileptonic branching fraction with data collected using the
Beijing Spectrometer~BES! at As54.03 GeV, just above
theDs

1Ds
2 threshold. We tag oneDs via its hadronic decays

and search the recoil system for semileptonic decays with

one well identified electron track. Charge conjugate decay
modes are implicitly assumed throughout this paper.

The BES is a conventional cylindrical detector, which is
described in detail in Ref.@9#. A four-layer central drift
chamber surrounding the beampipe provides trigger informa-
tion. Charged tracks are reconstructed in a 40-layer main
drift chamber ~MDC! with a momentum resolution of
sp /p50.017A11p2 ~p in GeV/c! and energy loss (dE/dx)
resolutions of 8.5% for Bhabha electrons and 11% for had-
rons. Scintillation counters provide time-of-flight~TOF!
measurements, with resolutions'330 ps for Bhabha events
and '450 ps for hadrons. A 12-radiation-length, lead-gas
barrel shower counter~BSC!, operating in limited streamer
mode, measures the energies of electrons and photons over
'80% of the total solid angle. A solenoidal magnet provides
a 0.4-T magnetic field in the central tracking region of the
detector. Three double-layer muon counters instrument the
magnet flux return and serve to identify muons of greater
than 500 MeV/c. They cover'68% of the total solid angle
with longitudinal ~transverse! spatial resolution of 5 cm~3
cm!.

The trigger required at least one barrel TOF hit within 40
ns of the beam crossing, one hit in the outer two layers of the
central drift chamber, one MDC trigger track, and a total
BSC energy above 200 MeV. The integrated luminosity is
determined from large-angle Bhabha events.

At As54.03 GeV,Ds mesons can be produced only via
e1e2→Ds

1Ds
2 ; the energy of eachDs is equal to the beam

energy. TheDs mesons are reconstructed in thefp1,
K̄* 0K1, KS

0K1, KS
0K2p1p1, and f 0p1 modes, with sub-

resonances decaying asf→K1K2, K̄* 0→K2p1,
KS

0→p1p2, and f 0→p1p2. Tracks are required to have
ucosuu,0.8 and all tracks, save those fromKS

0 decays, must
originate from the interaction region. Pions and kaons are
identified by means of TOF anddE/dx measurements. Iden-
tification requires consistency with the pion or kaon hypoth-
esis at a confidence level greater than 0.1%. In all modes
except forKS

0K1, kaon candidates are further required to
have a larger confidence level for the kaon hypothesis than
for the pion hypothesis. Kaons from theKS

0K1 mode are
high momentum and poorly identified. For thef 0p1 mode,
all pion candidates are required in addition to have a larger
confidence level for the pion hypothesis than for the kaon
hypothesis.

CandidateDs decays are subjected to a beam constrained
fit and required to have a C.L. greater than 10%. Back-
grounds are further reduced by requiring the difference
between the measured energy of theDs candidate and the
beam energyuEdiffu to be less than 50 MeV for all modes
except KS

0K1, where an asymmetric cut250,Ediff,20
MeV is imposed. Subresonances are defined as follows:
uM (KK)2M (f) u,18 MeV/c2, uM (Kp)2M (K* 0) u,50
MeV/c2, uM (pp)2M (KS

0)u,22 MeV/c2, and uM (pp)2

M ( f 0) u,3 MeV/c2. The cosine of the polar angle in theK̄* 0
FIG. 1. Mass distribution ofDs single tags.~a! fp1, ~b!

K̄* 0K1, ~c! K̄S
0K1, ~d! KS

0K2p1p1, ~e! f 0p1, and~f! combined.
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helicity frame is required to beucosuhu.0.35. For thef 0p1

mode, the cosine of theDs production angle relative to beam
direction is required to beucosuu,0.6.

Signals for theDs are evident in the mass spectra shown
in Fig. 1. The peak belowDs in the KS

0K1 mode is due to
D1→KS

0p1 produced viae1e2→DD* , where the pion is
misidentified as a kaon. This peak is reproduced by Monte
Carlo simulations. A fit to the mass spectrum, with a Gauss-
ian function for theDs signal and a quadratic function for
combinatorial background~and another Gaussian function
for theD background inKS

0K1 mode!, yields the number of
tagged eventsNtag for each of the five modes and the total
number of 171621615 reconstructedDs mesons. The first
error is statistical; the second error is systematic and is ob-
tained by varying the parametrization of the background. The
Ds mass value from the fit is 1969.060.6 MeV/c2 with a
resolution of 4.260.5 MeV/c2.

The events of Fig. 1~f! are sought for a recoil electron
track. Candidates are required to have a momentum larger
than 0.2 GeV/c, ucosuu,0.75, and make an angle to the
nearest oppositely charged electron track greater than 11.5°.
For each candidate track, information fromdE/dx, TOF,
and BSC systems is used to calculate a joint confidence level
for each particle hypothesis. We require the confidence level
for the electron hypothesis to be above 1% and those for the
pion and kaon hypotheses to be below 5%. At least one
additional charged or isolated neutral track is required. This
lowers the event selection efficiency by 1%.

Radiative Bhabha events from the same dataset are used
to measure the electron identification efficiencyPee, while
pions fromJ/c→vpp events are used to estimate the had-
ron misidentification probabilityPpe . The measured values
of Pee and Ppe vary slightly with momentum. The average

Pee value for theDs
1→e1X momentum spectrum is 82%.

Similarly, the average valuePpe from inclusiveDs decays is
0.8%.

A recoil track with charge opposite to the tag is desig-
nated right sign~RS!; otherwise, it is called wrong sign
~WS!. Figure 2~a! shows the single tag mass spectra when a
RS or a WS electron is detected in the recoil system. Simi-
larly, Fig. 2~b! shows the single tag mass spectra when a RS
or a WS hadron is detected in the recoil system. The RS
electron signal containsDs

2→e2X decays together with
events due toD→e2X, misidentified hadrons, and charge
symmetric backgrounds from residualg conversions andp0

Dalitz decays. The numbers of RS and WS electrons and
hadrons for theDs signalNDs

, D backgroundND , and com-

binatorial backgroundNC , which come from fits to Figs.
2~a! and 2~b!, are shown in Table I. The corresponding WS
distribution provides a measure of the charge symmetric
background. The number of hadrons misidentified as elec-
trons can be estimated from the number of hadrons in the
recoil system, multiplied by the hadron misidentified prob-
ability Phe . Here we approximate the misidentification prob-
ability of kaons to be equal to that of pions. The corrected
spectrum with charge symmetric backgrounds and hadron
misidentifications subtracted is shown in Fig. 2~c!. The en-
hancement at 1.97 GeV/c2 is due toDs semileptonic decay.
The statistical significance is 97%.

The detection efficiency of the electron track is indepen-
dent of the specific tag mode. The electron track efficiency is
a product ofPee, which is the electron identification effi-
ciency, and«g , which incorporates geometric, momentum,
and other acceptance cuts.«g is found to be 64% using a
Monte Carlo simulation incorporatingfen, hen, andh8en
decays in proportions measured by CLEO II@5#. A ;5%
systematic uncertainty is used to account for the model de-
pendence of«g .

The estimation of the branching fraction is based on the
RS and WS distributions for electrons and hadrons, and the
number ofDs tags. In each distribution, signal events follow
a Gaussian distributionf s centered at 1969.0 MeV/c2 with a
resolution of 4.2 MeV/c2. The background distribution is
approximated by a quadratic functionf 1 describing the com-
binatorial background and a Gaussian distributionf 2 cen-
tered at 1948.4 MeV/c2 describing the reflection from the
D* D final state. The parameters come from the fit to theDs

single tag mass spectrum. Each of the three functions is nor-
malized to a unit integral.

We make unbinned likelihood fits to the four distributions
of Figs. 2~a! and 2~b!. In each case, the likelihood function is
defined according to

FIG. 2. ~a! Single tag mass spectra when a RS~unshaded! and a
WS electron~shaded! is detected in the recoil system.~b! Single tag
mass spectra when a RS~unshaded! and a WS hadron~shaded! is
detected in the recoil system.~c! Single tag mass spectrum of net
electrons corrected with charge symetric background and hadron
misidentification.

TABLE I. Numbers of RS and WS electrons and hadrons.

NDs
ND NC

RS electrons 8.0 6.3 45.7
WS electrons 20.4 2.3 16.1
RS hadrons 171 85 1249
WS hadrons 75 31 715
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L~s,b1 ,b2!5e2s2b12b2)
i 51

N

@s fs~xi !1b1f 1~xi !1b2f 2~xi !#,

~1!

wherexi is the effective mass for thei th candidate events,s
is the number of signal events,b1 andb2 represent the num-
ber of background events, andN denotes the total number of
candidate events in the distribution in question.

To obtain a likelihood for the number of signal events
alone, we marginalizeL(s,b1 ,b2) with respect tob1 andb2 :

L~s!5E E L~s,b1 ,b2!db2db1 . ~2!

We calculate the likelihood for the net number
Nnet5NRS2NWS from a product of LRS(NRS) and
LWS(NWS) for electrons and hadrons separately. This joint
likelihood is marginalized to obtain

L~Nnet!5E LRS~NRS!LWS~NRS2Nnet!dNRS. ~3!

Using the values for the particle identification probabili-
ties, we correct the net number of electrons and obtain a
likelihood for the true number of electrons
Ntrue

e 5(Nnet
e 2PheNnet

h )/Pee and marginalize with respect to
the number of hadrons:

L~Ntrue
e !5E Le~PeeNtrue

e 1PheNnet
h !Lh~Nnet

h !dNnet
h . ~4!

A change of variables fromNtrue
e to B(Ds

1→e1X) using

B~Ds
1→e1X!5

Ntrue
e

«gNtag
~5!

is shown in Fig. 3. The unshaded region, 68.27% of the area
to the left~right! of the maximum, defines the error interval.
This leads to a semileptonic branching fraction of

B~Ds
1→e1X!5~7.724.322.1

15.712.4!%,

where the first error is statistical and the second error is
systematic. The systematic uncertainties are evaluated by
varying the electron momentum cut from 0.1 to 0.3 GeV/c
(61.9%), the order of the polynomial background function
from first to third (60.5%), the electron detection efficiency
by 61s (20.1

10.5%), the hadron misidentification rate by61s
(20.7

10.9%), the width of the enhancement around
1.948 GeV/c2 by 61s (20.1

10.4%), and the geometric effi-
ciency by61s (20.2

10.6%). These are added in quadrature.
Our measurementB(Ds

1→e1X)5(7.724.322.1
15.712.4)% is con-

sistent with the Mark III@2# upper limit. Our branching frac-
tion corresponds to aDs semileptonic decay width of
G(Ds

1→e1X)5(1.6520.9120.45
11.2310.51)31011 s21, while D1 and

D0 measurements@1# lead to G(D1→e1X)5~1.6360.18!
31011 s21 andG(D0→e1X)5~1.8660.29!31011 s21. The
measured semileptonic decays of charmed mesons are con-
sistent with the description of the spectator model,
GSL(D

1)'GSL(D
0)'GSL(Ds

1).
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FIG. 3. Normalized likelihood versus branching fraction. The
unshaded region, 68.27% of the area to the left~right! of the maxi-
mum, defines the error interval. The unphysical region is included.
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