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Preliminary results of the charmed hadron decays from Belle are presented. The absolute

branching fractions of leptonicDs decaysDs→ µν andDs→ τν are measured to be(0.528±
0.028(stat.)±0.019(syst.))% and(5.70±0.21+0.31

−0.30)%, respectively. TheDs decay constantfDs

is determined to be 255.0±4.2±4.7±1.8(τDs) MeV which is consistent with the lattice QCD

calculation. The Cabibbo suppressed charmed baryon decays, namelyΞ0
c →Ξ−K+ andΞ0

c →Λφ ,

are first observed. These results are obtained based on a large data sample collected by the Belle

detector at the KEKB asymmetric energye+e− (3.5 on 8 GeV) collider.
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1. Introduction

Measurements [1] of the absolute branching fractions of leptonicD+
s [2] decay offer a clean

probe to the decay constant ofDs, fDs, and the relevant Cabibbo-Kobayashi-Maskawa matrix ele-
ment,|Vcs|. The Standard Model (SM) calculation renders the following equation:

B(D+
s → l+νl ) =

G2
F

8π
f 2
Ds
|Vcs|2τDsMDsm

2
l

(
1−

m2
l

M2
Ds

)2

,

whereGF is the Fermi coupling constant andτDs stands for the lifetime of theD+
s meson. A recent

lattice QCD calculation [3] gives a very precise estimation offDs with an uncertainty at percent
level. The above measurement is also sensitive to new physics beyond SM, e.g. two Higgs doublet
model since the coupling to charged Higgs can give extra contribution to the decay width ofD+

s . It
is without doubt that any effort on the experimental side to determine accurately the leptonic decay
width of D+

s is very important.
The weak decay mechanism of charmed baryons is less known than that of charmed mesons,

especially for those Cabibbo-suppressed decays. The incidents are quite rare and there is few
experimental information [1] to be useful in order to compare with theoretical predictions [4].

We use the full data set collected near theϒ(4S) resonance by the Belle detector [5] at the
KEKB asymmetric energye+e− (3.5 on 8 GeV) collider [6] to search for rareΞ0

c decays and use
an even larger data set (addingϒ(5S) data) to measureB(D+

s → l+νl ). Preliminary results will be
presented in the following sections.

2. D+
s → l+νl

We use the following process,e+e−→ cc̄→ D̄tagKXf ragD∗+
s andD∗+

s →D+
s γ, to study the lep-

tonicD+
s decays. We select an energetic charmed hadron asD̄tag which could beD̄0, D−, Λ−c p, D∗−

or D̄∗0. The tagged charmed hadron is reconstructed by up to 6 dominant sub-decays. To balance
the strangeness, we requireK to be either a charged kaon or aK0

S(→ π+π−) meson. Only limited
fragmentation remnants are considered. SoXf rag can be nothing,π±, π0, π±π±, π±π0. π±π±π±,
or π±π±π0. We use our particle identification system (PID) to identify charged kaon or pion. The
low energyγ from D∗+

s →D+
s γ should have energy greater than 0.12 GeV measured by the electro-

magnetic calorimeter (ECL) with reconstructed direction opposite to theD̄tag side. The inclusive

Ds signal is identified with the missing mass variableMmiss(D̄tagKXf ragγ) =
√

p2
miss(D̄tagKXf ragγ),

wherepmiss= pe+ + pe−− pD̄tag
− pK − pXf rag− pγ is the missing 4-momentum in the event.

Figure1 shows the inclusiveDs signal withXf rag = π±. A peak at the mass ofD+
s is easily

identified in the missing mass spectrum. We estimate that the total signal yield in the 7Xf rag cases
is about 94400. Within this inclusive sample, we can search for exclusive decays ofD+

s meson.
For example,D+

s → µ+νµ can be identified byMmiss(D̄tagKXf ragγµ) with a peak at zero since the
neutrino mass is close to zero. The efficiency of the reconstructed exclusive signal given correct
inclusiveDs tag is estimated by Monte Carlo samples.

As a check on the above method, we perform the branching fraction measurements forD+
s →

K+K−π+, D+
s → K0

SK+ andD+
s → ηπ+. The following figures2-4 show the reconstructed sig-

nal peaks. The measured branching fractions areB(D+
s → K+K−π+) = (5.06± 0.15(stat.)±
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0.19(syst.))%, B(D+
s → K̄0K+) = (2.84±0.12±0.08)%, andB(D+

s → ηπ+) = (1.79±0.14±
0.05)%. They are all in good agreement with the corresponding world average [1].

With the confidence on this method, we performed the leptonic branching fraction measure-
ment forD+

s → µ+νµ andD+
s → τ+ντ . The missing mass spectrum forM2

miss(D̄tagKXf ragγµ) is
shown in Fig.5. The measured branching fraction forD+

s → µ+νµ is (0.528±0.028±0.019)%.
This is the most precise measurement by a single experiment up-to-date.

We reconstructτ via the following three decay modes:τ → eνν , τ → µνν andτ → πν . The
D+

s → τ+ντ signal is selected withMmiss(D̄tagKXf ragγ) in the Ds region and only one remaining
track pointing to the interaction point (IP). Thee, µ, or π should be positively identified by PID.
After removing the matched clusters with known decay particles, we then check the remaining
activity in ECL. The signal should peak at zero. The measured results for the above three modes
and the combined result are listed in the following Table.

τ decay mode B(D+
s → τ+ντ) [×10−2]

eνν 5.37±0.33+0.35
−0.30

µνν 5.88±0.37+0.34
−0.58

πν 5.96±0.42+0.45
−0.39

Combination 5.70±0.21+0.31
−0.30

Using the obtained leptonic branching fractions ofDs, we can estimatefDs and the result is
255.0±4.2±4.7±1.8(τDs) MeV. It agrees with the theoretical prediction [3] at 2 σ level.

Ds recoil mass (GeV)
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Figure 1: TheMmiss(DtagKXf ragγ) distributions withXf rag = π±. Fit results are overlaid and pull distribution
is attached. The inclusiveDs signal is clearly seen.

3. Ξ0
c → Ξ−K+ and Ξ0

c → Λφ

We search for the Cabibbo suppressed decays of theΞ0
c baryon with the following final state

particles,ΛK+π− andΛK+K−. The light mesons should be positively identified by PID. The long
lived Λ is reconstructed withΛ → pπ−. The Ξ− Hyperion is selected byΞ− → Λπ− with its
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Figure 2: The M(K+K−π+γ) distribution of exclusively reconstructedD+
s → K+K−π decays within the

inclusiveDs sample on real data. The fit results are superimposed.
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Figure 3: TheM2
miss(DtagKXf ragγK) distribution of exclusively reconstructedD+

s → K̄0K+ decays within
the inclusiveDs sample obtained on real data with fit results superimposed.

momentum pointing to IP. A simple mass window cut is required for bothΛ andΞ−. To further
suppress the combinatorial background, we require the candidateΞ0

c momentum in the center of
mass frame should be greater than 3.0 GeV/c since the charmed particles frome+e−→ cc̄ should
be hard.

The measured mass distribution forΞ0
c→Ξ−K+ is shown in Fig.6. The mass peak is measured

to be 2470.6±1.5 MeV/c2 which is in good agreement with the nominal mass ofΞ0
c [1]. The feed-

across (π to K misidentification) background events from the Cabibbo favored decayΞ0
c → Ξ−π+

form a bump in the high mass region near signal peak. We use the Cabibbo favored decay as the
normalization yardstick and obtainB(Ξ0

c→Ξ−K+)
B(Ξ0

c→Ξ−π+) = (2.75±0.51±0.25)×10−2.

For theΛK+K− sample, we select candidate events in theΞ0
c window and draw the Dalitz plot,
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Figure 4: TheM2
miss(DtagKXf ragγπ) distribution of exclusively reconstructedD+

s → ηπ+ decays within the
inclusiveDs sample obtained on real data with fit results superimposed.
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Figure 5: The M2
miss(DtagKXf ragγµ) distribution of exclusively reconstructedD+

s → µ+νµ decays within
the inclusiveDs sample obtained on real data with fit results superimposed.

M(K+K−)2 vs. M(ΛK−)2. The result is shown in Fig.7. There are clearΩ− andφ (horizontal)
bands. We remove the events in theΩ− band and determine the signal yield forΞ0

c → Λφ by

fitting the mass spectrum ofΛφ . We obtain B(Ξ0
c→Λφ)

B(Ξ0
c→Ξ−π+) = (3.43±0.58±0.32)×10−2. The above

two Cabibbo suppressed decays are observed in the first time and their branching fractions are
compatible with each other.

4. Summary

The absolute branching fractions of leptonicDs decaysD+
s → µ+ν andD+

s → τ+ν are mea-
sured quite precisely using Belle data alone. The decay constantfDs obtained from the above
measurements is consistent with the lattice QCD calculation (within 2σ ). The Cabibbo suppressed
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Figure 6: TheM(Ξ−K+) distribution with fit results overlaid. The feed-across background events from the
Cabibbo favored decayΞ0

c → Ξ−π+ form a bump in the high mass region near signal peak.

Figure 7: Dalitz plot M(K+K−)2 vs. M(ΛK−)2 for events within± 12 MeV mass window aroundM(Ξ0
c).

ClearΩ− (vertical) andφ (horizontal) bands are seen.

charmed baryon decays,Ξ0
c → Ξ−K+ andΞ0

c → Λφ , are observed which can offer useful informa-
tion for the decay dynamics of charmed baryons.
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