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d T. Kościuszko Cracow University of Technology, Krakow, Poland
e Justus-Liebig-Universität Gießen, Gießen, Germany
f The Graduate University for Advanced Studies, Hayama, Japan
g Gyeongsang National University, Chinju, South Korea
h Hanyang University, Seoul, South Korea
i University of Hawaii, Honolulu, HI, USA
j High Energy Accelerator Research Organization (KEK), Tsukuba, Japan
k Hiroshima Institute of Technology, Hiroshima, Japan
l Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, PR China
m Institute for High Energy Physics, Protvino, Russia
n Institute of High Energy Physics, Vienna, Austria
o Institute for Theoretical and Experimental Physics, Moscow, Russia
p J. Stefan Institute, Ljubljana, Slovenia
q Kanagawa University, Yokohama, Japan
r Korea University, Seoul, South Korea
s Kyungpook National University, Taegu, South Korea
t École Polytechnique Fédérale de Lausanne, EPFL, Lausanne, Switzerland
u Faculty of Mathematics and Physics, University of Ljubljana, Ljubljana, Slovenia
v University of Maribor, Maribor, Slovenia
w University of Melbourne, Victoria, Australia
x Nagoya University, Nagoya, Japan
y Nara Women’s University, Nara, Japan
z National Central University, Chung-li, Taiwan
aa National United University, Miao Li, Taiwan
ab Department of Physics, National Taiwan University, Taipei, Taiwan
ac H. Niewodniczanski Institute of Nuclear Physics, Krakow, Poland
ad Nippon Dental University, Niigata, Japan
ae Niigata University, Niigata, Japan
af University of Nova Gorica, Nova Gorica, Slovenia
ag Osaka City University, Osaka, Japan
ah Osaka University, Osaka, Japan
ai Panjab University, Chandigarh, India
aj Saga University, Saga, Japan
ak University of Science and Technology of China, Hefei, PR China
al Seoul National University, Seoul, South Korea

0370-2693/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.physletb.2008.12.062

http://www.ScienceDirect.com/
http://www.elsevier.com/locate/physletb
http://dx.doi.org/10.1016/j.physletb.2008.12.062


2 Belle Collaboration / Physics Letters B 672 (2009) 1–5

am Sungkyunkwan University, Suwon, South Korea
an University of Sydney, Sydney, NSW, Australia
ao Toho University, Funabashi, Japan
ap Tohoku Gakuin University, Tagajo, Japan
aq Department of Physics, University of Tokyo, Tokyo, Japan
ar Tokyo Institute of Technology, Tokyo, Japan
as Tokyo Metropolitan University, Tokyo, Japan
at Tokyo University of Agriculture and Technology, Tokyo, Japan
au Virginia Polytechnic Institute and State University, Blacksburg, VA, USA
av Yonsei University, Seoul, South Korea

a r t i c l e i n f o a b s t r a c t

Article history:
Received 19 December 2008
Accepted 19 December 2008
Available online 31 December 2008
Editor: M. Doser

We report results from a study of the charmed double strange baryons Ω0
c and Ω∗0

c at Belle. The
Ω0

c is reconstructed using the Ω0
c → Ω−π+ decay mode, and its mass is measured to be (2693.6 ±

0.3+1.8
−1.5) MeV/c2. The Ω∗0

c baryon is reconstructed in the Ω0
c γ mode. The mass difference MΩ∗0

c
− MΩ0

c

is measured to be (70.7 ± 0.9+0.1
−0.9) MeV/c2. The analysis is performed using 673 fb−1 of data on and near

the Υ (4S) collected with the Belle detector at the KEKB asymmetric-energy e+e− collider.
© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The experimental study of charmed baryons, including mea-
surement of their masses, widths and decay modes, is an im-
portant test of many theoretical models that provide quantitative
predictions for the properties of heavy hadrons.

Unlike the Λ+
c ,Σ

++,+,0
c ,Ξ

+,0
c and even their excited states,

a thorough experimental study of the charmed double strange
baryon Ω0

c is long overdue. The Ω0
c ( J P = ( 1

2 )+) is the heavi-
est known singly charmed hadron that decays weakly. The quark
content of the Ω0

c is c{ss}, where the ss pair is in a symmetric
state. There are many theoretical models that predict the mass
of the Ω0

c . However, the range of these predictions is rather
wide: 2610–2786 MeV/c2 [1]. Among several published measure-
ments of the Ω0

c mass only three report a statistically signif-
icant signal: E687 obtains (2699.9 ± 1.5 ± 2.5) MeV/c2 in the
Ω0

c → Σ+K −K −π+ channel [2], using five decay modes CLEO re-
ports (2694.6 ± 2.6 ± 1.9) MeV/c2 [3], BaBar quotes (2693.3 ±
0.6) MeV/c2 in their analysis of Ω∗0

c → Ω0
c γ [4]. The world-

average value of the Ω0
c mass is (2697.5 ± 2.6) MeV/c2 [5].

The decay mode Ω0
c → Ω−π+ was observed for the first time

by E687 [6]. They reported 10.3 ± 3.9 events over the background
of 5.8 events. With 13.7 fb−1 of data CLEO also found a signal of
13.3±4.1 events in this channel [3]. FOCUS observes 23±7 events
of this decay mode [7]. With a data sample of 230.7 fb−1 BaBar
reports a raw signal of 156 ± 15 events [4].

The spin excited J P = ( 3
2 )+ Ω∗0

c state was observed by BaBar
only recently [4]. They measured the difference between the
masses of the Ω∗0

c and Ω0
c to be (70.8 ± 1.0 ± 1.1) MeV/c2. Differ-

ent QCD-based models yield a rather wide range of predictions for
the mass difference, from 50 MeV/c2 to 70 MeV/c2 [8]. A lattice
QCD calculation finds the value (94 ± 10) MeV/c2 [9].

In this work we present our results on the measurement of the
Ω0

c mass using the decay Ω0
c → Ω−π+ .1 We also confirm the re-

cent BaBar observation of Ω∗0
c → Ω0

c γ [4].

2. Data and selection criteria

The data used for this analysis were taken on the Υ (4S) reso-
nance and in the nearby continuum using the Belle detector at the
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1 Charge-conjugate modes are implicitly included throughout this Letter.

e+e− asymmetric-energy collider KEKB [10]. The integrated lumi-
nosity of the sample is equal to 605 fb−1 of on-resonance data and
68 fb−1 of data below the Υ (4S).

Belle is a general-purpose detector based on a 1.5 T super-
conducting solenoid; a detailed description can be found else-
where [11]. Tracking is performed by a silicon vertex detector
(SVD) composed of concentric layers of double-sided silicon strip
detectors, and a 50 layer drift chamber (CDC). Particle identifica-
tion for charged hadrons, important for the measurement of final
states with kaons and/or protons, is based on the combination of
energy loss measurements (dE/dx) in the drift chamber, time-of-
flight measurements (TOF) and aerogel Cherenkov counter (ACC)
information. For each charged particle, measurements from these
three subdetectors are combined to form likelihood ratios in the
range from 0 to 1,

P (A/B) = L(A)/
(

L(A) + L(B)
)
,

where L(A) and L(B) are the likelihood values assigned to the
K ,π or p identification hypothesis for a given track. From now on
we use these likelihood ratios to identify protons, charged kaons
and pions with criteria that have efficiencies greater than 85%
for p/K/π . The probability for each particle species to be misiden-
tified as one of the other two is less than 12%.

An electromagnetic calorimeter (ECL) is used to detect photons,
which are reconstructed from isolated ECL clusters that have no
corresponding charged track, and a shower shape that is consistent
with that of a photon.

Λ hyperons are reconstructed in the Λ → pπ− decay mode,
fitting the p and π tracks to a common vertex and requiring an
invariant mass in a ±4 MeV/c2 (≈ 4σ ) interval around the nomi-
nal Λ mass value [5]. We then apply the following cuts on the Λ

decay vertex:

• the difference 
zΛ in the z-coordinate between the proton
and pion at the decay vertex should satisfy 
zΛ < 2 cm,
where the z-axis is parallel to the e+ beam direction;

• the distance between the vertex position and interaction point
(IP) in the plane transverse to the beam direction (
rxy

Λ )
should be greater than 0.5 cm;

• the angle βΛ , between the Λ momentum vector and the vec-
tor pointing from the IP to the Λ decay vertex, should satisfy
cos βΛ > 0.0;

• the vertex fit should have an acceptable χ2.
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