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Abstract
We report the discovery of Ξc(3055)0, observed by its decay into the
final state ΛD0, and present the first observation and evidence of the
decays of Ξc(3055)+ and Ξc(3080)+ into ΛD+. We also perform a com-
bined analysis of the ΛD+ with the Σ++cK− and Σ∗++cK− decay
modes to measure the ratios of branching fractions, masses and widths
with improved accuracy. We measure the ratios of branching frac-
tions B(Ξc(3055)+→ΛD+)/B(Ξc(3055)+→Σ++cK−)=5.09±1.01±0.76,
B(Ξc(3080)+→ΛD+)/B(Ξc(3080)+→Σ++cK−)=1.29±0.30±0.15, and
B(Ξc(3080)+→Σ∗++cK−)/B(Ξc(3080)+→Σ++cK−)=1.07±0.27±0.01,
where the uncertainties are statistical and systematic. The analysis is per-
formed using a 980 fb−1 data sample collected with the Belle detector at the
KEKB asymmetric-energy e+e− collider.

Full Text
Preamble
We report the discovery of Ξ_c(3055)^0, observed through its decay into the
final state ΛD^0, and present the first observation and evidence for the decays
of Ξ_c(3055)^+ and Ξ_c(3080)^+ into ΛD^+. We also perform a combined
analysis of the ΛD^+ mode with the Σ_c{++}K- decay modes to measure the
ratios of branching fractions, masses, and widths with improved accuracy. We
measure the ratios of branching fractions B(Ξ_c(3055)^+ → ΛD+)/B(Ξ_c(3055)+
→ Σ_c{++}K-) = 5.09 ± 1.01 ± 0.76, B(Ξ_c(3080)^+ → ΛD+)/B(Ξ_c(3080)+
→ Σ_c{++}K-) = 1.29 ± 0.30 ± 0.15, and B(Ξ_c(3080)^+ → Σ_c^*{++}K-
)/B(Ξ_c(3080)^+→ Σ_c{++}K-) = 1.07 ± 0.27 ± 0.01, where the uncertainties
are statistical and systematic. The analysis is performed using a 980 fb^-1 data
sample collected with the Belle detector at the KEKB asymmetric-energy e+e-
collider.
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PACS numbers: 13.30.-a, 14.20.-c

Introduction
In recent years, there has been significant progress in the study of the charmed
baryon spectrum, primarily from the Belle and BaBar experiments [1–9]. In
the charmed strange baryon sector, a number of excited states (Ξ_c^*) have
been observed. Belle reported evidence for two excited states, Ξ_c(2980) and
Ξ_c(3080), in the Λ_c+K0 and Σ_c{++}K-�^+ final states [2]. These states
have been confirmed by BaBar [6]. In the same paper, BaBar also claimed
evidence for two resonances, the Ξ_c(3055)^+ and Ξ_c(3123)^+, observed in
the Σ_c{++}K- final states. Recently, Belle confirmed the existence of the
Ξ_c(3055)^+, but no evidence was found for the Ξ_c(3123)^+ [9].

As discussed in Refs. [10, 11], the decay pattern of charmed baryons provides
important contributions to our understanding of the nature of these states. To
date, all measurements of Ξ_c^* baryons were performed using decays in which
the charm quark is contained in the final-state baryon. Measurements of fi-
nal states in which the charm quark is part of the final-state meson provide
complementary information.

In this paper, we report studies of Ξ_c^* baryons decaying to the ΛD^+ and
ΛD^0 final states using a data sample with an integrated luminosity of 980
fb^-1 collected with the Belle detector at the KEKB asymmetric-energy e+e-
collider. We find significant signals for Ξ_c(3055)^+ and Ξ_c(3080)^+ decays
into ΛD^+. In the ΛD^0 final state, we report observation of the Ξ_c(3055)^0.
These measurements constitute the first observation and evidence for the
Ξ_c(3055) and Ξ_c(3080) into the ΛD final states, and the first-ever observa-
tion of the Ξ_c(3055)^0. We also perform a combined analysis of the ΛD^+,
Σ_c{++}K-, and Σ_c^*{++}K- final states to measure the ratios of branching
fractions and to improve the accuracy of the mass and width measurements.

The remaining sections of the paper are organized as follows. In Sections II and
III, we describe the data sample and event selections. In Section IV, observa-
tions and measurements of Ξ_c^* baryons in the ΛD^+ and ΛD^0 final states
are presented. In Section V, the combined analysis with the Σ_c{++}K- and
Σ_c^*{++}K- final states is presented. Finally, the summary and conclusion
are given.

Data Samples and the Belle Detector
We use a data sample with a total integrated luminosity of 980 fb^-1 recorded
with the Belle detector at the KEKB asymmetric-beam-energy e+e- collider [12].
The Belle detector is a large-solid-angle magnetic spectrometer that consists of a
silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array
of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of
time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter
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comprised of CsI(Tl) crystals (ECL) located inside a superconducting solenoid
coil that provides a 1.5 T magnetic field. An iron flux-return located outside of
the coil is instrumented to detect K_L^0 mesons and to identify muons. The
detector is described in detail elsewhere [13].

Two inner detector configurations were used. A 2.0-cm radius beampipe and a
3-layer silicon vertex detector was used for the first sample of 156 fb^-1, while
a 1.5-cm radius beampipe, a 4-layer silicon detector, and a small-cell inner drift
chamber were used to record the remaining 824 fb^-1 [14].

We use a GEANT-based Monte Carlo (MC) simulation [15] to model the detector
response and its acceptance to obtain the reconstruction efficiency and the mass
resolution for the signal. We re-weight the signal MC sample according to the
scaled-momentum x_p = p^/p_max distributions, based on the measurements
in real data, to obtain the correct reconstruction efficiency. Here, p^ is the
momentum of the Ξ_c^* system in the center-of-mass frame and p_max =
√(s/4 - M2c4)/c, where s is the total center-of-mass energy squared, M is the
invariant mass of the Ξ_c^* system, and c is the speed of light. We also use
MC events generated with EVTGEN [16] and JETSET [17] to study the mass
distribution in the background process e+e- → q̄q (q = u, d, s, c and b).

Event Selection
Our analysis is optimized to search for decays of Ξ_c^* baryons into the ΛD^+
and ΛD^0 final states. Throughout this paper, the inclusion of the charge-
conjugate decay mode is implied unless otherwise stated. A Λ candidate is
reconstructed via its decay into p�^-. A D^+ candidate is reconstructed via its
decay into K-�+�^+. A D^0 candidate is reconstructed via its decay into K-�+,
K-�+�+�-, and K-�+�^0.

The selection of charged hadrons is based on information from the tracking
system (SVD and CDC) and hadron identification system (CDC, ACC, and
TOF). The charged hadrons that are not associated with the Λ candidate are
required to have a point of closest approach to the interaction point that is
within 2 cm along the z axis and within 0.2 cm in the transverse (r-�) plane.
The z axis is opposite the positron beam direction.

For each track, likelihood values L_p, L_K, and L_� are provided by the hadron
identification system, based on the ionization losses in the CDC, the number
of detected Cherenkov photons in the ACC, and the time-of-flight measured by
the TOF. The likelihood ratio is defined as L(i:j) = L_i/(L_i + L_j). A track
is identified as a proton if the likelihood ratios L(p:�) and L(p:K) are greater
than 0.6, as a kaon if the likelihood ratios L(K:�) and L(K:p) are greater than
0.6, or as a pion if the likelihood ratios L(�:K) and L(�:p) are greater than 0.6.

In addition, an electron likelihood is provided based on information from the
ECL, ACC, and CDC [18]. A track with an electron likelihood greater than
0.95 is rejected. The momentum-averaged efficiencies of hadron identification
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are about 90%, 90%, and 93% for pions, kaons, and protons, respectively. The
momentum-averaged probability to misidentify a pion as a kaon is about 9%,
to misidentify a kaon as a pion about 10%, and to misidentify a pion or kaon
as a proton about 5%.

The �^0 candidates are reconstructed from pairs of photons whose invariant
mass (M_��) satisfies 120 MeV/c^2 < M_�� < 150 MeV/c^2, which corresponds
to ±2.5� (where � is the one-standard-deviation of the resolution). The energy
of each photon in the laboratory frame is required to be greater than 50 MeV
and the energy of the �^0 candidate in the laboratory frame is required to be
greater than 500 MeV.

The D^+ candidates are selected by requiring |M(K-�+�^+) - m_D^+| < 12
MeV/c^2, where m_D^+ is the D^+ mass [19]. The D^0 candidates for each
decay mode are selected by requiring |M(K-�+) - m_D^0| < 14 MeV/c^2,
|M(K-�+�+�-) - m_D^0| < 11 MeV/c^2, and |M(K-�+�^0) - m_D^0| < 27
MeV/c^2, where m_D^0 is the D^0 mass. These mass ranges correspond to
±2.5�. To improve the momentum resolution, the daughter particles are fitted
to a common vertex together with an invariant mass constrained to the D^+
or D^0 mass.

The Λ candidates are selected using cuts on four parameters: the angular differ-
ence between the Λ flight direction and the direction pointing from the interac-
tion point (IP) to the decay vertex in the transverse plane; the distance between
each track and the IP in the transverse plane; the distance between the decay
vertex and the IP in the transverse plane; and the displacement along z of the
closest-approach points of the two tracks to the beam axis. Also, the invariant
mass of a Λ candidate is required to be within 3 MeV/c^2 of the Λ mass, which
corresponds to ±3�.

Excited charmed baryons are known to be produced with much higher average
momenta than the combinatorial background. We thus require that x_p be
greater than 0.7 for the ΛD^+ mode and 0.8 for the ΛD^0 mode.

Observation of Ξ_c^* → ΛD Decays
Figure 1 [Figure 1: see original paper] shows the ΛD invariant-mass (M(ΛD))
distributions for data after the application of all selection criteria; signals near
3055 and 3080 MeV/c^2 are seen. We do not observe any such peaks in the
distributions of wrong-sign ΛD combinations, in data from the D meson mass
sideband, nor in MC events that do not include these resonances. Hereinafter,
Ξ_c^* baryons corresponding to these peaks are referred to as Ξ_c(3055) and
Ξ_c(3080).

In order to evaluate the masses, widths, and statistical significances of the Ξ_c^*
states, we apply an unbinned extended maximum likelihood (UML) fit to the
mass spectra in the invariant mass range of 3.0-3.2 GeV/c^2. For the ΛD^0
mode, the fit is performed simultaneously for the three different D^0 decay
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modes, with their relative yields fixed using the product of their known branch-
ing fractions [19] and detection efficiencies. The masses and widths of the Ξ_c^*
states are constrained to be the same for all modes.

The detection efficiencies for the Ξ_c(3055)^0 and Ξ_c(3080)^0 are found to
exhibit no difference within the statistical precision of the MC sample, which is
smaller than 1%. Therefore, we use common efficiency values for these states.
The relative yields are fixed to K-�+ : K-�+�+�- : K-�+�^0 = 1.00 : 1.30 : 1.15.

The probability density functions (PDF) for the Ξ_c^* components are rep-
resented by convolutions of Breit-Wigner shapes with Gaussian distributions
to account for the intrinsic invariant mass resolution, �_res. Using the signal
MC events, we determine �_res for the ΛD^+ mode to be 1.1 MeV/c^2 for the
Ξ_c(3055)^+ and 1.3 MeV/c^2 for the Ξ_c(3080)^+. In the ΛD^0 mode, we
determine �_res to be 1.1 and 2.0 MeV/c^2 for the D^0 decay mode without
and with �^0, respectively, for the Ξ_c(3055)^0, and 1.3 and 2.2 MeV/c^2 for
the Ξ_c(3080)^0.

The masses, widths, and yields of the Ξ_c^* states are treated as free pa-
rameters. A third-order Chebyshev polynomial is used to model the PDF for
the combinatorial background. The statistical significance is evaluated from -2
ln(L_0/L), where L_0 (L) is the likelihood for the fit without (with) the sig-
nal component. When we evaluate L_0 for one of the Ξ_c^* states, the other
Ξ_c^* state is included in the fit. The -2 ln(L_0/L) values are 144.6 for the
Ξ_c(3055)^+, 30.0 for the Ξ_c(3080)^+, 83.1 for the Ξ_c(3055)^0, and 6.6 for
the Ξ_c(3080)^0. By taking into account the change by 3 in the number of de-
grees of freedom in the UML fit associated with the inclusion of the Ξ_c^* states,
the statistical significances are 11.7�, 4.8�, 8.6�, and 1.7� for the Ξ_c(3055)^+,
Ξ_c(3080)^+, Ξ_c(3055)^0, and Ξ_c(3080)^0, respectively. The peak for the
Ξ_c(3080)^0 is not statistically significant.

We estimate the systematic uncertainty of the masses and widths of
Ξ_c(3055)^0, Ξ_c(3055)^+, and Ξ_c(3080)^+ in the ΛD^+ decay mode as
the changes produced by giving reasonable variations to the fitting technique.
The stability of the background shape is checked by changing the fit region and
background PDF. The maximum deviation from the nominal fit is taken as the
systematic uncertainty.

To check the uncertainty due to �_res, the ratio r_� = �_MC/�_data is evaluated,
where �_MC and �_data are the D^0 mass resolution for MC and data. For the
ΛD^0 mode, r_� is 1.16, 1.16, and 1.08 for the D^0 final state of K-�+, K-�+�+�-,
and K-�+�^0, respectively. We evaluate the uncertainty by fitting data with
�_res scaled by 16% for all decay modes.

To check the uncertainty on the mass due to a possible mis-calibration of the mo-
mentum and energy measurements, we examine the reconstructed D^0 masses
for both data and signal MC. In each mode, the peak position is observed to
have a distinct but small deviation from the world average. However, these
deviations are well reproduced by the MC and, because of the mass-constrained
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fit, have little effect on the determination of the masses of the Ξ_c^* baryons.
In the signal MC, the differences between the input and output masses of the
Ξ_c^* baryons are less than 0.1 MeV/c^2 for all D^0 decay modes. We assign
a systematic uncertainty of 0.1 MeV/c^2 on the mass measurements.

We perform fits that include the interference of the Ξ_c(3055) and Ξ_c(3080) by
introducing the phase between two Breit-Wigner amplitudes. The systematic
uncertainties are summarized in Table I. The fit result for the Ξ_c(3080)^+
width is (1.4 ± 1.8) MeV, which is consistent with zero. Therefore, we set a
90% confidence level upper limit on the width. We redo the fit by changing the
width; the width for which the likelihood ratio -2 ln(L/L_0^Γ) is 2.7, where
L_0^Γ is the likelihood with zero width for Ξ_c(3080)^+, is assigned as the
90% confidence level upper limit. We obtain the upper limit Γ(Ξ_c(3080)^+)
< 6.3 MeV.

The measurements of the masses and widths are summarized in Table II. Note
that the final values for the Ξ_c(3055)^+ and Ξ_c(3080)^+ masses and widths
in this paper are those combined with Σ_c{++}K- decay modes. Values in
the ΛD mode only and Σ_c^*{++}K- are shown to compare with other decay
modes. We find that the mass of the Ξ_c(3055)^+ and widths of Ξ_c(3055)^+
and Ξ_c(3080)^+ are consistent with our previous measurements with the
Σ_c{++}K- decay modes [9]. However, we find a small inconsistency for the
mass of the Ξ_c(3080)^+, which may indicate possible underestimation of the
systematic uncertainty for the determination of the masses. We determine the
combined value for the masses of the Ξ_c(3055)^+ and Ξ_c(3080)^+ by tak-
ing the weighted average. The uncertainty is scaled by √(�^2/(N-1)), where N
is the number of different decay modes, which is 2 for Ξ_c(3055)^+ and 3 for
Ξ_c(3080)^+, if the �^2/(N-1) is greater than one; this is the recipe used in Ref.
[19]. The scale factor for the Ξ_c(3055)^+ is 1.0 and that for the Ξ_c(3080)^+
is 3.3. The measured mass of the Ξ_c(3055)^+ is (3055.9 ± 0.4) MeV/c^2 and
that for Ξ_c(3080)^+ is (3077.9 ± 0.9) MeV/c^2. The combined values for
the widths are determined by simultaneous fit with Σ_c{++}K- decay modes as
described in the next section.

Combined Analysis with the Σ_c{++}K- and Σ_c^*{++}K-
Decay Modes
We measure the ratio of branching fractions, B(Ξ_c^+ → ΛD+)/B(Ξ_c+ →
Σ_c{++}K-) � R_B(ΛD), using the following equations:

R_B(ΛD) = R_yield(ΛD) × (B × �)_ΣcK/(B × �)_ΛD^+

where (B × �)_ΛD^+ = B(D^+ → K-�+�^+) × B(Λ → p�^-) × �(ΛD^+)

and (B × �)_ΣcK = B(Λ_c^+ → pK-�+) × [�_pK-�+ + R_pK^0 × B(K_S^0
→ �+�-) × �_pK_S^0]/B(Λ_c^+ → pK-�+), where R_pK^0 = B(Λ_c^+ →
pK_S0)/B(Λ_c+ → pK-�+), �(ΛD^+) is the reconstruction efficiency for the
ΛD^+ mode, and �_pK-�+(Σ_c{++}K-) is the reconstruction efficiency for the
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Σ_c{++}K- mode with the ith sub-decay of the Λ_c^+ → pK-�+. For B(Λ_c^+
→ pK-�+), we use the latest Belle measurement [20]. Other branching fraction
values are taken from Ref. [19].

We also measure the ratio of branching fractions, B(Ξ_c(3080)^+ →
Σ_c^{++}K-)/B(Ξ_c(3080)^+ → Σ_c{++}K-) � R_B(Σ_c^K), using the
equation:

R_B(Σ_c^K) = R_yield(Σ_c^K) × (B × �)_ΣcK/(B × �)_Σ^*cK

where R_yield(Σ_cK) is the ratio of yields of Ξ_c(3080)^+ in the Σ_c^ {++}K^- and
Σ_c{++}K- decay modes. (B × �)_Σ^*cK shares the form of Eq. (3) for (B ×
�)_ΣcK after replacing the reconstruction efficiency for Σ_c{++}K- with that
for Σ_c^*{++}K-.

The data set used for the Σ_c{++}K- and Σ_c^*{++}K- decay modes is the
same as that for the ΛD^+ mode. Event selections are the same as those in Ref.
[9]. A Σ_c^{++} candidate is reconstructed via its decay into Λ_c+�+. The
Λ_c^+ candidate here is reconstructed via its decay into pK-�+ and pK_S^0.
Note that the requirement x_p > 0.7 is the same as that for the ΛD^+ mode,
so it is possible to directly compare the three decay modes.

To obtain R_yield and to measure the width of the Ξ_c(3055)^+ and
Ξ_c(3080)^+ with greater accuracy than is possible using a single decay mode,
we perform a simultaneous UML fit with the widths of the Ξ_c^* states
constrained to be the same among the three decay modes, as discussed in the
previous section. The masses are not constrained because we find inconsistency
for the mass of the Ξ_c(3080)^+ among the three decay modes. We also fit the
mass distribution of the Σ_c^{++} sideband region, defined as |M(Λ_c+�+) -
m_Σc| < 5 MeV/c^2, where m_Σc is the Σ_c^{++} mass, to subtract the
contribution from non-resonant Λ_c+K-�^+ decays in the signal region. We
subtract half of the yield found in the sideband regions because the mass range
of the sideband region is double the width of the Σ_c^{++} signal region.

It is difficult to define the Σ_c^^{++} sideband regions because the maximum
mass that is possible for combinations to contribute to the Ξ_c(3080)^+ is only
slightly higher than the Σ_c^{++} mass, and a low mass sideband would overlap with the Σ_c^{++} region. Thus, we estimate the contribution under the Σ_c^{++}
peak using sideband regions by scaling the yield in the Σ_c^{++} sideband
by a factor of 2.9, a factor estimated using signal MC. We assume no
interference between Σ_c{++}K- and Λ_c+K-�^+. The PDFs and fit region
for the non-resonant Λ_c+K-�^+ with ΛD^+ are the same as those described
in Section IV. The fit conditions for the Σ_c{++}K- modes are the same as
in Ref. [9]. For the fit to the events from the Σ_c^{++} sideband region, we
use the 3.0-3.2 GeV/c^2 mass range. The Ξ_c^ contributions are represented
by a Gaussian-convolved Breit-Wigner with the same mass resolution of the
Ξ_c^* states as that used for the Σ_c^{++} signal region. The combinatorial
background is represented by a second-order Chebyshev polynomial.

Figure 2 [Figure 2: see original paper] shows the results of the simultaneous fit.
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The following systematic uncertainties are taken into account for the combined
analysis for the measurements of the ratios of branching fractions and width.

The systematic uncertainty due to the pion- and kaon-identification efficiency is
estimated from the ratio of the yields of D^*+ → D0�+, D^0 → K-�+ with and
without the pion- and kaon-identification requirements for data and MC. The
difference of the ratio between data and MC is used to correct the efficiency and
the statistical error of this correction is treated as the systematic uncertainty.
We conservatively assume no correlation in the systematic uncertainty for pion
and kaon identification between ΛD^+ and Σ_c{++}K- decay modes as the
momentum ranges for these decay modes are distinct; the systematic uncertainty
for Σ_c{++}K- cancels.

The systematic uncertainty due to the efficiency of proton identification is de-
termined using the ratio of the yields of Λ → p�^- with and without the proton
identification requirement. The difference of the ratio between data and MC is
used to correct the efficiency and the statistical uncertainty of this correction
is regarded as the systematic uncertainty. The systematic uncertainty due to
the reconstruction efficiency of the Λ is determined using the yield ratio of B
→ Λ̄ΛK^+ with and without the Λ selection cut as a function of momenta of
Λ. By taking the weighted average of the momentum, it is estimated to be 3%.
The uncertainties of the branching fractions [19, 20] are included as systematic
uncertainties.

The stability of the background shape is checked by changing the fit region
and background PDF. The maximum deviation from the nominal fit among
the various changes is regarded as the systematic uncertainty. To assess the
uncertainty due to �_res, r_� is evaluated as �_MC/�_data = 1.15 for the ΛD^+
mode and �_MC/�_data = 1.08 for the Σ_c{++}K-; we perform a fit with �_res
scaled by a factor of r_� and use the difference of the result from the nominal
fit as the systematic uncertainty.

To check the uncertainty due to a possible mis-calibration of momentum and
energy measurements, we evaluate the difference between the reconstructed and
nominal D^+ and Λ_c^+ masses for both data and MC. In data, the recon-
structed D^+ mass differs from the world average [19] by 0.1 MeV/c^2, whereas
in the MC, the D^+ mass differs by 0.2 MeV/c^2. No deviation is observed for
Λ_c^+ for both data and MC. In the signal MC, the difference between the input
and output Ξ_c^* masses in the ΛD^+ mode is 0.1 MeV/c^2, which is smaller
than the deviation observed in the D^+ mass because of the mass-constrained
fit. We conservatively assign the systematic uncertainty of 0.1 MeV/c^2 on the
mass measurement.

Table III summarizes the systematic uncertainties. Table IV summarizes the
measurement of yields and widths of the Ξ_c(3055)^+ and Ξ_c(3080)^+, and
Table V summarizes the values related to the ratio of branching fractions mea-
surements.
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Summary and Conclusions
We present studies of Ξ_c^* baryons decaying into the ΛD^+ and ΛD^0 final
states. We report the first observation of the Ξ_c(3055)^0 in the ΛD^0 mode
with a significance of 8.6�. The mass and width of the Ξ_c(3055)^0 are measured
to be (3059.0 ± 0.5 ± 0.6) MeV/c^2 and (6.4 ± 2.1 ± 1.1) MeV, respectively.
We report the first observation of the Ξ_c(3055)^+ decay and evidence for the
Ξ_c(3080)^+ in the ΛD^+ final state. The mass and width of the Ξ_c(3055)^+
obtained from the ΛD final states only are (3055.8 ± 0.4 ± 0.2) MeV/c^2 and
(7.0 ± 1.2 ± 1.5) MeV, respectively, and those for Ξ_c(3080)^+ are (3079.6
± 0.4 ± 0.1) MeV/c^2 and < 6.3 MeV, respectively. The measured values for
Ξ_c(3055)^+ are more accurate than the world average thanks to the high
statistics in this decay mode.

We perform a combined analysis of these particles by comparing their decays into
ΛD^+ with those into Σ_c{++}K- and Σ_c{++}K-. We measure the ratios of branching fractions B(Ξ_c(3055)^+ → ΛD+)/B(Ξ_c(3055)+ → Σ_c{++}K-) = 5.09 ± 1.01 ± 0.76, B(Ξ_c(3080)^+ → ΛD+)/B(Ξ_c(3080)+ → Σ_c{++}K-) = 1.29 ± 0.30 ± 0.15, and B(Ξ_c(3080)^+ → Σ_c^ {++}K-)/B(Ξ_c(3080)+
→ Σ_c{++}K-) = 1.07 ± 0.27 ± 0.01. The width of the Ξ_c(3055)^+ is (7.8
± 1.2 ± 1.5) MeV and that of the Ξ_c(3080)^+ is (3.0 ± 0.7 ± 0.4) MeV. We
take the weighted average of the measurements in the different decay modes
to find the masses of the Ξ_c(3055)^+ and Ξ_c(3080)^+ to be (3055.9 ± 0.4)
MeV/c^2 and (3077.9 ± 0.9) MeV/c^2, respectively, where the uncertainties are
scaled by √(�^2/(N-1)) to account for small inconsistencies in the N individual
measurements. The uncertainties on the masses incorporate the statistical and
systematic values. The masses and widths of Ξ_c(3055)^+ and Ξ_c(3080)^+,
after combining other decay modes, supersede our previous measurements [9].

Our measurements provide information on the nature of these baryons. For
instance, the chiral quark model has been used to identify the Ξ_c(3055)
as the D-wave excitation in the N=2 shell, and predicts B(Ξ_c(3055) →
Σ_cK̄):B(Ξ_c(3055) → ΛD) to be 2.3:0.1 or 5.6:0.0, depending on the possible
excitation modes [11]. It further identifies the Ξ_c(3080) as an S-wave
excitation mode of the Ξ_c in the N=2 shell and predicts that its decay
into ΛD is forbidden. Both of these predictions are in contradiction with
our measurements. Further experimental and theoretical work is needed to
understand these baryons.
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