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Using a data sample of about 33pb~ ' collected at and around /s = 3.773 GeV with the BES-I detector at the
BEPC, we have directly measured the branching fraction for inclusive semimuonic decay of neutral D mesons to

be BF(D® — u™X) = (724 1.54+0.8)%.

PACS: 12.15.Hh, 13.20. Fc

Recently we have directly measured the abso-
lute branching fractions for D° and D% inclusive
semimuonic decays.!) The Feynman diagram for these
decays is shown in Fig.1, which indicates the light
quark g does not participate in the decay, while the
heavy quark ¢ decays into quark s or d emitting a
ut and p-neutrino. Measurements of the branch-
ing fractions for the inclusive leptonic decays of D
mesons are important to understand the D decay
mechanism. Moreover, it first validates that neu-
tral and charged D mesons have equal semimuonic
decay widths. In the corresponding analysis we use
four decay modes(D® — K*n—, D° — Ktr—n—nt,
D — K*t7=7% and D° — K%rt7~) to reconstruct
the singly tagged D° mesons, but the decay mode
DY — K% t7~ cannot express the charge of the sin-
gle tag, resulting in charge conjugation as the single
tag and the recoiling side cannot meet. In this work
we ignore this decay mode and measure the branching
fraction for inclusive semimuonic decay of neutral D
mesons.

We report the direct measurement of the branching
fraction for the inclusive decay D° — utX (X=any
particles) based on a data sample of about 33 pb~!
collected with the BES-T detector>=4 at and around
the center-of-mass energy 3.773 GeV.
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Fig. 1. Feynman diagram for the decay D°/D* — ptX.

Around /s = 3.773 GeV, the ¥ (3770) resonance is
produced through eTe™ annihilation. It lies just above
the open charm pair production threshold and decays
predominantly into D°D° or Dt D~ pairs, which pro-
vide us with a unique method to directly measure
the branching fractions for the decays of D mesons.
The singly tagged D° sample used in the analysis
were reconstructed from three hadronic decay modes
of Knm (n = 1,2,3) in the previous work,[®] which
gives the number of the singly tagged D events to
be 7033 & 193 + 316.1°] Throughout this study, charge
conjugation is strictly implied.

Candidates for the decay D° — utX are selected
from the tracks except those reconstructed for the
singly tagged D° meson. It is firstly required that
the tracks should be well reconstructed in the MDC
with good helix fits and expected charges. Secondly,
the polar angle 6 must satisfy | cosf| < 0.67. Thirdly,
the transverse momentum of each track is required to
be greater than 0.52GeV/c. To reject the muon de-
cayed from the kaon or pion, the charged track should
originate from the interaction range, which requires
that the distance of its closest approach should be
less than 2.0cm in the zy plane and 20.0cm in the
z direction. Because the number of hitting layers on
the Muon Counter depends on the transverse momen-
tum of the particle, the muon is selected by requir-
ing that the number of hitting layers should be at
least one, two and three for tracks with transverse
momentum pr in the range of 0.52-0.75 GeV /¢, 0.75-
0.95GeV/c and pr > 0.95GeV/c, respectively. The
electron, kaon or pion is identified by dF/dx, TOF
and BSC information, with which the combined con-
fidence level for the electron, kaon or pion hypoth-
esis (CLe, CLig or CL,) is calculated. An elec-
tron candidate is required to have CL, > 0.1% and
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CL./(CL.+ CLkg + CL;) > 0.8, a kaon candidate
is required to satisfy CLyx > CL, and CLyg > 0.1%,
and that which does not satisfy the above criteria is
regarded as a pion.

The electron, kaon or pion could hit the Muon
Counter resulting in misidentification as a muon. Sim-
ilarly, a muon could be misidentified as an electron,
kaon or pion due to the limits of the dFE/dz, TOF and
BSC resolutions. The number of the total observed
muons, electrons, kaons or pions consists of that of
the true identified particles and that of misidentified
ones, as shown in the following:

Ngbs nu—m ne—m nK—>u 777'(—>u
Ngbs B np—m 776—>6 ,r]K—>e nﬂ—m
N(])cbs - T]‘U’*)K ?,Ie~>K T’KHK 7]7r~>K
(:rbs np,—»fr ne—»ﬂ' ,’7K—>7r n7r—>7r
Nirue
Nl 1)
true
Ntz;ue

where NJ, . is the number of observed particles for a,
NE e is the number of true b particles (a or b denotes
u, e, K, m), and n°~® is the rate of misidentifying the
particles b as a (a # b) or the efficiency of identifying
the particles a (a # b).

The transverse momentum of a muon decayed from
a D meson is within the range of 0.52-1.02GeV/c.
In order to obtain a more precise (mis)identification
rate, we divide the range of transverse momen-
tum into five intervals with 0.1 GeV/c steps. The
(mis)identification rate n°~*(*) is determined by

Ny_a)

b—a(7) _ ,
Ny sample(i)

U (2)
where Nj sample(i) 18 the number of b in the ith inter-
val, Ny_q(;) is the number of b identified as a in the
ith interval, ¢ = 1,2,3,4,5. The muon and electron
samples are selected from the cosmic rays and the ra-
diative Bhabha events in the ¢ (3770) data set, respec-
tively; the kaon and pion samples are selected from
the decays of J/1) — KK~ and J/¢ — wrtn™ in
the J/1) data set, respectively. The (mis)identification
rates are shown in Ref. [6].

The invariant mass spectra of the Knm combina-
tions are shown in Fig. 2, in which the candidates for
DY — ptX are observed on the recoil side, where
(a), (b), (c), (d) and (e) are for the transverse mo-
mentum of the muon candidate in the ranges of 0.52—
0.62GeV/e, 0.62-0.72 GeV/c, 0.72-0.82 GeV /¢, 0.82—
0.92GeV/c and 0.92-1.02 GeV /¢, respectively. The
number of the observed events N é‘b; is obtained by
fitting the mass spectra with a Gaussian function
for the DY signal and a special ARGUS background
functionl®! to describe the background shape. Simi-

larly, the numbers of the observed events N, N& 7

and Ngl;z are also obtained.

Inserting 7°~%* and Ngl;is into the matrix Eq. (1),
we can yield the number of true muon candidates in
the ith momentum interval N{;.. Summing N/,
over five intervals, the total number of true muon can-
didates is obtained to be 88.4 +16.8. In order to esti-
mate the background decayed from K+ — p*v, and
7t — ptv,, we use a Monte Carlo sample generated
as ete™ — DD to pass through the same analy-
sis process, where D? and D decay into all possible
channels except D° — p+X whose branching frac-
tions are quoted from PDG.I"l The total number of
the background is determined to be 8.1 £+ 1.7. After
subtracting the number of the background, we obtain

the signal events to be 80.3 + 16.9.
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Fig.2. Invariant mass spectra of the Knm combina-

tions in which the candidates of D° — putX are ob-
served on the recoil side, where (a), (b), (c), (d) and
(e) are for the transverse momentum of the muon can-
didate in the ranges of 0.52-0.62 GeV /¢, 0.62-0.72 GeV /c,
0.72-0.82GeV/c, 0.82-0.92GeV/c and 0.92-1.02 GeV/c,
respectively.

The detection efficiency for the inclusive u* decay
of D° meson is estimated by Monte Carlo simulation.
The Monte Carlo events are generated as ete™ —
DOD°, where D° decays into three hadronic decay
modes of Knm (n =1,2,3) and D° decays into u*X.
The particle trajectories are simulated with GEANT3
based on the Monte Carlo simulation package of the
BESI detector.[*l Weighting the branching fractions
of DY semimuonic decays quoted from PDG[" and the
numbers of the singly tagged D° events, the averaged
efficiency is obtained to be (15.78 + 0.21)%.

Dividing the number of the signal events by the
number of the singly tagged D° mesons and the de-
tection efficiency, the branching fraction for the inclu-
sive decay DY — pt X is determined to be BF(D® —
ptX) = (7.2 £ 1.5 + 0.8)%, where the first error is
statistical and the second is systematic.
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Table 1. Comparisons of the measured branching fraction for the inclusive semimuonic decay of neutral D mesons with those

measured by ARGUS, CHORUS and given by PDG.

This work in BESI  Last work in BESI ARGUS CHORUS PDG(06)
BF(DY — utX) 7.2+1.5+0.8 6.8+1.5+0.8 6.0+07+12 65+1.2+03 6.5+0.7
BF(Dt—utX)
Ww 2.44+0.63+024  2.59+0.70£0.25
m(DT)
0% 2.54 4 0.02

Using the branching fraction for the inclusive
semimuonic decay of charged D mesons listed in
Ref. [1], we can obtain the ratio of two branching frac-
BF(DV — u™X)

BF(DY = 7 X) 2.44 +0.63 £+ 0.24.

Table 1 presents the comparisons of the measured
branching fraction with those measured by ARGUS,®!
CHORUS! and given by PDG.["]

In conclusion, based on a data sample of about
33pb~! collected at and around /s = 3.773 GeV with
the BES-T detector at the BEPC, the branching frac-
tion for the inclusive semimuonic decay of neutral D
mesons is directly measured to be BF(D? — utX) =
(7.2+£1.5£0.8)%. The ratio of these branching frac-
BF(Dt — u™X)
BF(DY — utX)

tions to be

tions is obtained to be = 244 +

0.63 & 0.24, which is consistent with the ratio of the
(D)
7(DO)

lifetimes of Dt and D° mesons, = 2.54+0.02.
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