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The reaction �p! pK�K� was studied at Jefferson Lab with photon energies from 1.8 to 3.8 GeV
using a tagged photon beam. The goal was to search for a ��� pentaquark, a narrow, doubly charged
baryon state having strangeness S � �1 and isospin I � 1, in the pK� invariant mass spectrum. No
statistically significant evidence of a ��� was found. Upper limits on the total and differential cross
section for the reaction �p! K���� were obtained in the mass range from 1.5 to 2:0 GeV=c2, with an
upper limit for a narrow resonance with a mass M��� � 1:54 GeV=c2 of about 0.15 nb, 95% C:L:. This
result places a stringent upper limit on the ��� width ���� < 0:1 MeV=c2.

DOI: 10.1103/PhysRevLett.97.102001 PACS numbers: 13.60.Rj, 13.40.�f

Since the first reports of possible observations of ��

pentaquarks, there has been a great deal of speculation
about its isospin structure [1–9]. If it were an isovector
(I � 1), one might expect to observe its isospin partners, in
particular �0 and ���. On the experimental side, the
existence of a ��� has not been resolved. Gibbs [10],
analyzing K�p total cross sections [11,12], finds no evi-
dence for an isovector resonance. In other experiments
involving electromagnetic probes, CLAS [13,14], ZEUS
[15], SAPHIR [16], and HERMES [17] reported that no
statistically significant ��� decaying to pK� were ob-
served, even though each reported positive observations for
candidate �� peaks. On the other hand, a recent report by
the STAR collaboration [18] finds a positive signal for a
candidate ���.

All previous experiments suffered from low statistics
and did not report any quantitative limits on either the
production cross section or width of the ��� baryon.
The ��� and �� would be expected to have similar
widths if they belong to an isovector triplet. Evaluations
of the �� width from existing data is consistent with a
width in the range 0:6–1 MeV=c2 [19–22]. Even a ��

width as small as 1 MeV=c2 is a challenge for any theo-
retical model [2,23,24]. This Letter reports the result of a
high statistics experiment, which yields about 1�
106��1520�s, in search of the production of the ��� state
in the reaction �p! K����, with ��� ! pK�. The

upper limit of the cross section is obtained, from which a
quantitative estimate of the upper limit of the width an
order of magnitude smaller than 1 MeV is made. This
makes it likely that if the ���1540� exists, it is an iso-
singlet. In addition, the experiment searched for other
members of the expected 27 multiplet in a wide mass
range, with negative results.

The experiment was performed at the Jefferson Lab—
CLAS facility. Details of the design and operation of the
CLAS spectrometer and its components may be found in
Ref. [25] and references within. Reference [26] discusses
the experimental setup used in the present study in greater
detail. An energy tagged bremsstrahlung beam produced
by a continuous 60 nA electron beam of energy E0 �
4:02 GeV, impinging on a gold radiator of thickness 8�
10�5 radiation lengths, yielded incident photons in the
energy range 1.8 to 3.8 GeV. The photon energy for each
event was determined by means of a tagger placed up-
stream of the CLAS spectrometer. The photon energy
resolution was approximately 0:1%� E0. The reaction
target consisted of liquid hydrogen contained in a cylin-
drical mylar cell of length 40 cm.

Charged particles were detected by the CLAS spec-
trometer. Particle tracking utilized multiwire drift cham-
bers and a toroidal magnetic field. Particle identification
was primarily obtained by comparing the particle momen-
tum with that calculated from the track length and flight
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time between scintillator detectors around the target and
scintillator detectors surrounding the CLAS spectrometer.
The CLAS momentum resolution is of the order of 0.5–1%
(�) depending on the kinematics. The detector’s geomet-
rical acceptance for positively charged particles in the
relevant kinematic region is about 40%, and several times
smaller for low energy negative hadrons, which can be lost
at forward angles because they are bent out of the accep-
tance by the toroidal field. For example, the number of
��1520� obtained by the reconstruction of pK� events is
almost an order of magnitude smaller than the number
reconstructed from the missing mass of K� when the K�

is not required to be detected. Coincidences between the
photon tagger and two charged particles in the CLAS
detector triggered the recording of the events. The interac-
tion time between of the incoming photon with the target
was measured by the start counter [27], consisting of a set
of 24 2.2 mm thick plastic scintillators surrounding the
hydrogen cell. An integrated luminosity of 70 pb�1 was
accumulated in 50 days of data taking.

The putative reaction �p! K���� ! K�K�p was
studied in two ways. In Case 1, three final state hadrons,
p, K�, and K�, were detected, and the missing mass of the
pK� was constructed to check the quality of the particle
identification. It was found that the K� peak dominates the
pK� missing mass spectrum with very small background,
indicating that nearly all the events are in the exclusive 3-
body final state. In Case 2, only a pK� pair were required,
and the K� was identified by missing mass reconstruction.
The background is somewhat higher than in Case 1, but the
statistics in the exclusive pK�K� final state are almost an
order of magnitude greater.

Figure 1 shows the invariant masses of the K�K� and
pK� pairs for the events, in which only proton and K�

were detected by CLAS. The K� momentum was calcu-
lated from the missing momentum of the pK� pair and its

energy as EK� �
�������������������������������
P2

missing �M
2
K�

q
. The � peak is clearly

seen at the top of Fig. 1. The lower panel displays the pK�

invariant mass spectrum. The most notable feature in the
spectrum is the prominent peak due to the ��1520�. There
are nearly 1� 106 events corresponding to the ��1520�
peak for Case 2 and an order of magnitude fewer in Case 1.
In addition to greater statistics, Case 2 has the advantage
that the undetected K� can be emitted at any value of
cos�CM, where �CM is the angle between the electron
beam direction and pK� system in the center-of-mass
system, so that the acceptance is significant in the entire
range of cos�CM, from �1 to �1, and t-channel processes
are not suppressed. On the other hand, in Case 1, the
acceptance in cos�CM for detecting the K�s becomes
smaller near cos�CM � �1, so that t-channel processes
are suppressed. The trade-off for selection of Case 2 is
that the additional background due to pion contamination
is significantly greater than for Case 1.

In all further analysis, cuts were applied in the pK� and
K�K� mass spectra to eliminate the contribution of the

��1520� and ��1020�, respectively, (indicated in Fig. 1 by
vertical arrows).

The pK� mass spectra after all cuts were applied are
shown for Case 1 and Case 2, in the upper and lower panels
of Fig. 2. In neither case is there any visual evidence for
any narrow structures which could be interpreted as due to
a ���. The insets show expanded views in the region
where one might expect a ��� partner of an isovector
�� located near M � 1:54 GeV=c2. The pK� mass reso-
lution ��M���� varies as a function of the mass from
2 MeV=c2 at M��� � 1:5 GeV=c2, up to 5:5 MeV=c2 at
M��� � 2:0 GeV=c2.

As for the ��1520�, the acceptance of the undetected K�

is significant at all center-of-mass angles. Thus, invariant
mass spectra for pK� pairs were also obtained for discrete
intervals of the center-of-mass angles of the emitted K� (or
pK� pairs) covering the entire angular range. No indica-
tion of a ��� peak is observed in any angular region.

Since no positive signal was observed, upper limits for
the cross sections were determined for Case 2. Case 2 was
chosen rather that Case 1 since there are no gaps in the
acceptance, and statistics are much higher. Two methods
were employed. In the first (Method 1), a Gaussian peak
corresponding to N��� and a polynomial background were
fit to the pK� spectrum for an assumed ��� mass, M��� .
Then a Feldman-Cousins [28] algorithm was applied to the
number under the fit peak and background in a �3�
interval to obtain an upper limit of ��� events (N95%

���
) at

the 95% confidence level (C:L:). This was repeated as a
function of M��� . In the second method (Method 2), the
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FIG. 1. Upper panel: The K�K� invariant mass spectrum. The
� meson is clearly seen. Lower panel: The pK� invariant mass
spectrum. The most notable structure is the ��1520� peak.
Events due to the ��1520� and ��1020� were removed from
further analysis by cuts indicated by vertical arrows. The dis-
tributions are for events in which only the p and K� are required
to be detected.
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pK� spectrum was fit with a polynomial, excluding the
region of M��� . For each M��� , the N��� was obtained as
the difference between the polynomial and the total num-
ber of events within a �3� interval around M��� . Again,
this was analyzed with the Feldman-Cousins [28] algo-
rithm. The cross section upper limit at the 95% level was
then obtained from

 �95%
���
�

N95%
���

L�M������M����BR���� ! pK��
;

where L�M���� is the integrated luminosity for photons
in the energy range from threshold for a given mass to
3.8 GeV, ��M���� is the pK� acceptance, and BR���� !
pK�� is the branching ratio for ��� ! pK�, which is
assumed to equal 1 for an isovector ���.

This procedure was repeated as a function of M��� and
as a function of cos�CM at M��� � 1:54 GeV=c2. The
upper limits obtained in Method 1 and Method 2 were
found to be consistent. Since the mass resolution
��M���� varies approximately linearly, increasing with
M��� , the variation in ��M���� and the acceptance
��M���� as a function of M��� were taken into account
in determining the cross section upper limit �95%

���
. The

CLAS acceptance, ��M���� for the detection of the ���,
was obtained by means of a detailed Monte Carlo simula-
tion. The simulation assumed t-channel dominance in
which the K� is mainly produced at forward angles in

the center-of-mass system. Assuming that the properties of
the t-channel K� would be similar to that of the K� in
��1520� production, the energy dependence and the
t-slope were taken from the experimental ��1520� photo-
production reaction. The Monte Carlo study showed that
the acceptance was almost flat over the full range of
cos�CM. Thus, even for extremely different event genera-
tors, t-channel, and u-channel ��� photoproduction, the
calculated acceptances differ by less than 10%. The
u-exchange distribution was generated the same way as
t-channel exchange except that the center-of-mass angles
of the K� and ��� were interchanged. The result of the
simulation is that the CLAS acceptance with all the applied
analysis cuts varied from 6% at M��� � 1:5 GeV=c2, up
to 16% at M��� � 2:0 GeV=c2.

The estimated systematic errors in acceptance were
combined with those of the detector inefficiencies, photon
flux normalization, and ��� mass resolution to give an
overall estimated 15% systematic error in the resulting
upper limit. This error was not included in the estimation
of the upper limit.

The resulting upper limit of the scans in M��� and
cos�CM for Case 2 using Method 1 is shown in Fig. 3.
For both methods, we find the average upper limit in the
mass region where an isospin partner of a �� is expected,
near 1:54 GeV=c2, at approximately 0.15 nb, and not much
different for masses from 1.5 to 2:0 GeV=c2, the range of
photon energies accessed in this experiment.
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section at 95% confidence level vs M��� , using the Feldman-
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C:L: at M��� near 1:54 GeV=c2 is estimated to be approxi-
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cos�CM at M��� � 1:54 GeV=c2. The systematic uncertainty in
the magnitude of the upper limit is estimated at 15%.
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The upper limit of the ratio ���=��1520� was also
obtained from the data. The average cross section for
��1520� photoproduction was calculated from the number
of ��1520� events in a manner similar to that described for
�95%

���
above. The result is ����=���1520� < 2:3� 10�4 at

95% C:L: averaged over the photon energy range of this
experiment.

The ��� production cross section may be directly con-
nected with the ��� width ���� � ���� (see, for ex-
ample, Ref. [5]). Such a small cross section implies a
very narrow resonance width. However, an upper limit on
the width would be highly model dependent, differing by
as much as an order of magnitude for existing approaches
[5,29–32]. For example, for an isovector pentaquark of
JP � 1=2�, the upper limit on the width implied by the
present result for the Regge approach [29] would be
���� < 0:1 MeV=c2, while for the effective Lagrangian
approach [5] ,���� < 0:01 MeV=c2.

In conclusion, the present experiment finds no evidence
of the formation of a doubly charged pentaquark in the
exclusive channel �p! K���� ! K�K�p. An upper
limit on the cross section was obtained over a mass range
from 1.5 to 2:0 GeV=c2, with a value of about 0.15 nb at
95% C:L: near 1:54 GeV=c2 where a ��� isovector part-
ner of the �� might be expected. A conservative estimate
of the upper limit on the width is ���� < 0:1 MeV=c2. The
comparison of this limit with the evaluation from existing
data of the �� width (�1 MeV=c2) makes it likely that the
�� baryon (if it exists) has no isotopic partner and thus is
an isovector singlet state. Although the present experiment
does put very strong limits on the mechanisms which
would be required to produce an isovector pentaquark,
we point out that it does not access a reaction in which a
pentaquark may be produced in association with an addi-
tional pion, as in Ref. [14].
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