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Prelimary results from inclusive searches for strange pentaquark production in e+e− interactions at√
s = 10.58 GeV using 123 fb−1 of data collected with the BABAR detector are presented. In addition

new mass estimates for the D∗
sJ (2317)+ and DsJ (2460)+ mesons are given. The mesons are studied

in e+e− → cc data using 125 fb−1 for the decay to the D+
s meson along with one or more π0, π+, or

γ particles. A search is also performed for neutral and doubly-charged partners.

1 Introduction

Recently, several experimental groups have
reported observations of new, manifestly ex-
otic narrow baryon resonances 1,2,3,4,5,6,7 and
discoveries of two new narrow mesons con-
taining c and s quarks— the D∗

sJ (2317)+ me-
son 8,9,10,11, and the DsJ(2460)+ meson,
9,10. These new results reawakened interest
in the study of QCD spectroscopy.

Here we present new studies using data
collected with the BABAR detector13 at the
PEP-II asymmetric e+e− collider, operating
at the Υ (4S) resonance and at a center-of-
mass (CM) energy ∼ 40 MeV below it. De-
tailed discussions of the topics in this pa-
per may be found in the conference submis-
sions 16,14,15. All results are preliminary.

2 The D+
s Candidate

All of the final states explored in the
charmed meson analysis involve one D+

s can-
didate decaying to K+K−π+. Backgrounds
are further suppressed by selecting decays
to K∗0K+ and φπ+ 8. Combinations of
K−K+π+ with 1.954 < m(K+K−π+) <

1.981 GeV/c2 are taken as D+
s candidates.

Details of the fitting procedure corre-
sponding to D∗

sJ (2317)+ and DsJ(2460)+

mass measurements, including proper han-
dling of reflections, are given in the confer-
ence submission16. In addition, the D+

s π±

invariant mass spectra were examined: no ev-
idence of any narrow structure is found close
to the D∗

sJ(2317) mass. This is consistent
with the D∗

sJ(2317) being an isosinglet state.

3 The D∗
sJ(2317)+ Mass

Estimates of the mass of the D∗
sJ(2317)+

are obtained using a unbinned likelihood fit
of the D+

s π0 mass spectrum. The back-
ground to the D∗

sJ (2317)+ comes from un-
related D+

s and π0 and from two types of re-
flections. One reflection, from D∗

s(2112)+ →
D+

s γ decays combined with an unassociated
γ to form a fake π0 candidate, is peaked
near the kinematic limit in D+

s π0 mass of
2154.6 MeV/c2. The second reflection is
produced by the D+

s and π0 mesons from
DsJ(2460)+ → D∗

s(2112)+π0 decay. Due to
a kinematic coincidence, this reflection has a
mean mass that is close to the D∗

sJ(2317)+

mass and because of the variation in recon-
struction efficiency across the DsJ(2460)+

phase space, the reflection shape is asym-
metric therefore it must be accurately de-
termined in order to correctly measure the
D∗

sJ(2317)+ properties. The likelihood fit to
the D+

s π0 mass spectrum results in prelim-
inary measurement of the D∗

sJ(2317)+ mass
is [2318.9± 0.3 (stat.)± 0.9 (syst.)] MeV/c2.
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Table 1. Preliminary measurements of the DsJ (2460)+ obtained from D+
s γ, D+

s π0γ, and D+
s π+π− decays.

The results, in units of MeV/c2

m(DsJ (2460)+ → D+
s γ) = 2457.2± 1.6 (stat.) ± 1.3 (syst.)

m(DsJ (2460)+ → D+
s π0γ) = 2459.1± 1.3 (stat.) ± 1.2 (syst.)

m(DsJ (2460)+ → D+
s π+π−) = 2460.1± 0.3 (stat.) ± 1.2 (syst.)

BABAR

Figure 1. The D+
s π0 invariant mass distribution.

The solid curve is the result of an unbinned likeli-
hood fit. The dark (light) gray region is the contribu-
tion from the DsJ (2460)+ → D+

s π0γ (D∗
s (2112)+ →

D+
s γ) reflection. The inset is an expanded view near

the D∗
sJ (2317)+ mass.

4 The DsJ(2460)+ Mass

Estimates of the mass of the DsJ(2460)+

are obtained using an unbinned likelihood
fit to the D+

s γ, D+
s π0γ and the D+

s π+π−

systems. The likelihood fit to the D+
s γ

system uses a signal lineshape determined
from signal Monte Carlo. To determine the
DsJ(2460)+ mass, the mean value of the sig-
nal is allowed to shift. To determine the
mass from the D+

s π0γ system additional is-
sues that need to be addressed since it is
a three body decay, In particular, it is rea-
sonable to assume that the DsJ (2460)+ de-
cays to D+

s π0γ through either of two possi-
ble intermediate resonances: D∗

s(2112)+π0 or
D∗

sJ(2317)+γ. There is no a priori reason to
favor one decay path over another. To in-
vistigate any source of peaking background

under the DsJ(2460)+ two D∗
s(2112)+ side-

bands were considered in D+
s γ mass The

D+
s π0γ mass distribution in these sidebands

is included in Fig. 2. An important reflection
appears from D∗

sJ(2317)+ → D+
s π0 decays

combined with unassociated γ particles. In-
dependent likelihood fits are applied to each
of the sideband distributions and to the sig-
nal distribution. All three fits can success-
fully model their respective data samples,
as shown in Fig. 2. The DsJ(2460)+ mass
is included in the fit by allowing the line-
shape to vary in mass. The likelihood fit
to the D+

s π+π− mass distribution consists
of three signal distributions (D∗

sJ (2317)+,
DsJ(2460)+, or Ds1(2536)+ decay) plus a
third-order polynomial to describe the combi-
natorial background. The shapes of the three
signals are derived from signal Monte Carlo
samples. The DsJ(2460)+ and Ds1(2536)+

signal shapes are allowed to shift upwards
and downwards in mass in order to best de-
scribe the data. The mass of the DsJ(2460)+

and Ds1(2536)+ are obtained from this fit.

5 Θ+
5 , Ξ−−

5 and Ξ0
5 Searches

We reconstruct Θ+
5 candidates in the pK0

S de-
cay mode, where K0

S → π−π+, with selection
criteria based on geometrical and kinematic
cuts designed for high efficiency and low bias
against any production mechanism. The sim-
ulated signal reconstruction efficiency varies
with p∗, the pK0

S
momentum in the e+e−

c.m. frame, from 13% at low p∗ to 22% at
high p∗. The invariant mass distribution of
pK0

S
is shown in Fig. 3. There is a clear

peak at 2285 MeV/c2 from Λ+
c → pK0

S
but

no other sharp structure. We next search



Table 2. The upper limits at the 95% C.L. on the Θ+
5 (Ξ−−

5 ) total production cross section times its branching
fraction B, assuming a mass of 1540(1862) MeV/c2 and two values of the natural width in MeV/c2 B×the
number of Ξ−−

5 produced per e+e− → qq̄ event and B×the number per Υ (4S) decay.

particle X-section U.L. (fb) qq̄ event U.L. (10−5/event) Υ (4S) decay U.L. (10−5/event)
Γ = 1 Γ = 8(18) Γ = 1 Γ = 8(18) Γ = 1 Γ = 8(18)

Θ+
5 182.8 363.1 5.39 10.71 17.90 34.98

Ξ−−
5 11.0 16.85 0.32 0.5 1.06 1.60
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Figure 2. The D+
s π0γ mass spectrum of the sam-

ple of events that fall in a D+
s γ signal region (cen-

ter plot), the D+
s γ high mass sideband (top plot),

and the low mass sideband (bottom plot). The
DsJ (2460)+ signal appears only in the signal region.
The results of separate likelihood fits are superim-
posed on all three distributions. Reflections from
(dark gray) D∗

sJ(2317)+ → D+
s π0 and (light gray)

D∗
s (2112)+ → D+

s γ decays appear in all three distri-
butions at positions that are fixed from kinematics.
The relative contribution of the D∗

sJ (2317)+ reflec-
tion in each sample has been determined using signal
Monte Carlo.

for the reported Ξ−−
5 (1862) and Ξ0

5 (1862)
states decaying into a Ξ− and a charged pion,
where Ξ− → Λ0π− and Λ0 → pπ−,. The
unique topology of this decay allows consider-
able background reduction by reconstructing
the two displaced vertices and cutting around
the Λ0 and Ξ− masses. The simulated signal
reconstruction efficiency varies from 6.5% at
low p∗ to 12% at high p∗. The invariant mass
distributions for Ξ−π− and Ξ−π+ are shown
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Figure 3. Distribution of the pK0
S invariant mass for

combinations satisfying all the criteria described in
the text. The same data are plotted four times in
different pK0

S mass regions.

in Fig. 4. For Ξ−π+ there are clear peaks
as expected for the Ξ∗0(1530) and Ξ0

c (2470)
baryons, but no other structure is visible. For
Ξ−π−, there is no visible sharp structure at
all. Upper limits at the 95% C.L. on the
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Figure 4. Ξ−π− invariant mass distribution and
Ξ−π+ invariant mass distribution.

Θ+
5 (Ξ−−

5 ) production cross section times its
branching fraction, are therefore calculated
in a model independent way and given in ta-
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6 Conclusions

We find no evidence for the production of
Θ+

5 (1540), Ξ−−
5 (1862) or any other mem-

ber of the multiplet decaying to Λ0K or
Σ0K final states in 123 fb−1of BABAR data.
Taking the upper limit widths, we calcu-
late 95% C.L. upper limits on the total pro-
duction rates of 1.1 × 10−4 Θ+

5 and 1.0 ×
10−5 Ξ−−

5 per e+e− → qq̄ event (prelim-
inary); these are roughly a factor of eight
and four below the typical values measured
for ordinary octet and decuplet baryons of
the same masses as illustrated in Fig. 5.
We also find no evidence for Θ∗++ pen-
taquark in the decay B+ → Θ∗++p̄ where
Θ∗++ → pK+ performed using 81 fb−1 of
data. The upper limit on the branching frac-
tion of B+ → Θ∗++p̄ of 1.5×10−7 for 1.43 <

m(Θ∗++) < 1.85 GeV/c2 15. Based on
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Figure 5. Compilation of baryon production rates in
e+e− annihilation from experiments at the Z0 (cir-
cles) and

√
s ≈ 10 GeV (squares) as a function of

baryon mass. The vertical scale accounts for the
number of spin and particle+antiparticle states. The
arrows indicate our preliminary upper limits on spin-
1/2 Θ+

5 and Ξ−−
5 pentaquark states, assuming the

branching fractions shown, and are seen to lie below
the solid line.

125 fb−1 of e+e− → cc data, the D∗
sJ(2317)+

and DsJ (2460)+ masses are measured to be
[2318.9±0.3 (stat.)±0.9 (syst.)] MeV/c2 and
[2459.4 ± 0.3 (stat.) ± 1.0 (syst.)] MeV/c2,
respectively. And the fit to the D+

s π+π−

mass spectrum also provides a prelimi-

nary estimate of the Ds1(2536)+ mass:
[m(Ds1(2536)+) = 2534.3 ± 0.4 (stat.) ±
1.2 (syst.)] MeV/c2. Searches for a neutral or
doubly-charged partner for the D∗

sJ(2317)+

decaying to D+
s π+ or D+

s π− also produce no
significant signal.
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