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Cascade production in the reactions γp → K+K+(X) and γp → K+K+π−(X)
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Photoproduction of the cascade resonances has been investigated in the reactions γp → K+K+(X)
and γp → K+K+π−(X). The mass splitting of the ground state (Ξ−, Ξ0) doublet is measured to
be 5.4 ± 1.8 MeV/c2, consistent with existing measurements. The differential (total) cross sections
for the Ξ− have been determined for photon beam energies from 2.75 to 3.85 (4.75) GeV, and
are consistent with a production mechanism of Y ∗

→ K+Ξ− through a t-channel process. The
reaction γp → K+K+π−[Ξ0] has also been investigated in search of excited cascade resonances. No
significant signal of excited cascade states other than the Ξ−(1530) is observed. The cross section
results of the Ξ−(1530) have also been obtained for photon beam energies from 3.35 to 4.75 GeV.

PACS numbers: 12.40.Yx, 13.60.Rj, 14.20.Jn, 25.20.Lj

Keywords: Cascade resonances, hyperon photoproduction

INTRODUCTION

Hadron spectroscopy is an essential experimental
means of accessing fundamental parameters of QCD such
as quark masses. The average of the baryon ground state
isospin multiplet (N, Σ, ∆, Ξ, Σc, Ξc) mass differences
yields a value of md−mu = +(2.8±0.3) MeV/c2 [1], with
the Ξ ground state doublet being the most intriguing.

The current global measurement of the mass difference
between the Ξ0(uss) and Ξ−(dss) is 6.48±0.24 MeV/c2

according to the PDG [2], considerably larger than that
of the other multiplets. A calculation on the QCD lat-
tice [3] gives a result of 5.68 ± 0.24 MeV/c2, while a
calculation based on radiative corrections to the quark
model [4] gives 6.10 MeV/c2. Experimentally, however,
only one measurement of the Ξ0 mass has more than 50
events [5].

Compared with non-strange baryons and S = −1
hyperon states, the Ξ resonances are generally under-
explored. Only two ground state cascades, the octet

member Ξ and the decuplet member Ξ(1530), have four-
star status in the PDG [2], with four other three-star
candidates. The lack of data is mainly due to smaller
Ξ(∗) cross sections than the S = 0 and −1 baryons, and
cascade resonances cannot be produced through direct
formation. More than 20 N∗ and ∆∗ resonances are
rated with at least three stars in the PDG [2]. Flavor
SU(3) symmetry predicts as many Ξ resonances as N∗

and ∆∗ states combined, suggesting that many more cas-
cade resonances remain undiscovered. Of the six Ξ states
that have at least three-star ratings in the PDG, only

three have spin-parity (JP ) determined: Ξ(1320)1
2

+
,

Ξ(1530)3
2

+
, Ξ(1820)3

2

−
.

In general, the production mechanisms of the cascade
resonances remain unclear. Kaon and hyperon beam ex-
periments conducted to investigate cascade spectroscopy
suffer from either low intensity or high combinato-
rial background. Results from earlier kaon beam ex-
periments indicate that it is possible to produce the
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Ξ ground state through the decay of high-mass Y ∗

states [6, 7, 8, 9]. It is therefore possible to produce
cascade resonances through t-channel photoproduction
of hyperon resonances as indicated in Fig. 1.

a)

b) K / K
+      +*

+      +*
K / K

+
K

+
K

−
Ξ

+
K

+
K

0

−−*

*       *

*      *Λ / Σ

Λ / Σ

Ξ
p

p

γ

γ

π
Ξ

FIG. 1: Possible photoproduction mechanisms of Ξ ground
states through intermediate hyperon resonances produced in
a t-channel process. a)Ξ− production; b) Ξ0 production.

By using tagged photons incident on a proton tar-
get, it has been demonstrated that cascade production
can be investigated through exclusive reactions, such
as γp → K+K+(X) [10] in CLAS. Prior to this pub-
lication, only two groups have reported measurements
of cascade photoproduction, both in the inclusive re-
action γp → Ξ−X by reconstructing the Ξ− from the
decay Ξ− → Λπ− → pπ−π−. The CERN SPS ex-
periment with the Omega spectrometer [11] measured
a cross section of 28 ± 9 nb for the kinematical range
xF (= 2p∗‖/

√
s) > −0.3, using a tagged photon beam

in the energy range 20 − 70 GeV. However, the SLAC
1-m hydrogen bubble chamber experiment [12] using a
20 GeV photon beam reported a much higher cross sec-
tion of 94 ± 13 nb in the same xF range, with a total
cross section of 117 ± 17 nb.

The SLAC results showed that the xF distribution of
the Ξ− events peaks around − 1

3 , consistent with a quark-
diquark fusion production mechanism [13], in which the
cascade has one out of three quarks in common with
the proton. However, such a model is more appropriate
for inclusive reactions at high energies where partonic
degrees of freedom are more relevant, and it is not appli-
cable for exclusive reactions at low to intermediate ener-
gies compared with the threshold (Ethres

γ = 2.37 GeV).
Recently, Nakayama et al. [14] developed a Ξ produc-
tion model for the exclusive reaction γN → KKΞ from
an effective Lagrangian that incorporates various t, u,

and s-channel processes, taking into account intermedi-
ate hyperon and nucleon resonances (details of the model
will be discussed later in this paper). The validity of the
model should be checked by comparing its predictions of
the model with experimental data.

In this paper, the mass difference of the Ξ doublet, the
cross sections of the Ξ− and Ξ−(1530) are reported and
compared with Ref. [14]. The possibility of producing
other excited cascade states in photon-proton reaction is
also discussed.

EXPERIMENT

A new, large statistics data set, with an integrated lu-
minosity of 70 pb−1, was collected at CLAS [15] from
May to July 2004 using a tagged photon beam [16] in-
cident on a proton target. This data set is mostly in
the energy range of 1.6-3.85 GeV with the primary elec-
tron beam energy (E0) of 4 GeV. About 5% of the data
were collected with E0 = 5 GeV. The target consists
of a 40-cm-long cylindrical cell containing liquid hydro-
gen. Momentum information for charged particles was
obtained via tracking through three regions of multi-wire
drift chambers [17] inside a toroidal magnetic field (∼ 0.5
T), generated by six superconducting coils. Time-of-
flight (TOF) scintillators were used for charged hadron
identification [18]. The interaction time between the in-
coming photon and the target was measured by the Start
Counter [19], consisting of 24 strips of 2.2 mm thick plas-
tic scintillators surrounding the target cell. Coincidences
between the photon tagger and two charged particles in
the CLAS detector triggered the events.

Cascade states can be identified via missing mass,
through the reaction γp → K+K+(X), or via the decay
Ξ∗− → Ξ0π− through the reaction γp → K+K+π−(X).
In the reaction γp → K+K+(X), the double-strangeness
is tagged by the two positive kaons detected by CLAS,
and the cascade resonances are observed in the K+K+

missing mass spectrum (Fig. 2). Without the more strin-
gent particle identification criteria that were applied in
Fig. 2, (i.e, the kaon vertex time determined by the TOF
is within 1 ns of the photon time given by the RF), more
than 12000 Ξ− were observed [20]. After the tighter de-
tector timing cut was applied, about 7700 Ξ− events are
identified for the photon energy range of 2.6 to 4.75 GeV.
There is no Ξ− signal for Eγ < 2.6 GeV, most likely due
to low acceptance.

The Ξ−(1530) is clearly present in the spectrum, with
about 700 events (Fig. 2). Events with an additional
K− detected are used as an empirical background, since
the background is dominated by reactions such as γp →
K+K−p or γp → K+K−π+n, with the proton or π+
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FIG. 2: MM(K+K+) distribution for Eγ > 2.6 GeV fitted
with two Gaussian functions and an empirical background
shape with adjustable normalization (M: mean of the Gaus-
sian peak position, σ: width of the Gaussian signal, N: num-
ber of events in the peak); Inset:MM(K+K+) distribution
enlarged for the 1.36-1.79 GeV/c2 region, the dashed lines
show the empirical background shape from K− events nor-
malized to the region of 1.36-1.5 GeV/c2.

misidentified as a K+ (potential background processes
such as γp → φΛK+ were explored and found to be in-
significant). The background is then smoothed and nor-
malized to the region between the Ξ− and the Ξ−(1530)
resonances (1.36−1.5 GeV/c2) in the MM(K+K+) dis-
tribution (Fig. 2, inset). The Ξ− mass is determined to
be 1322.3 ± 0.1 ± 1.2 MeV/c2, slightly higher than the
PDG [2] value but within errors. The systematic un-
certainty is derived from studying the variation of the
fitted mass centroid as a function of Eγ . The Ξ− width
is 6.7 ± 0.1 MeV/c2, and is consistent with the missing
mass resolution of CLAS as expected from simulation.
It is mostly dependent on the resolution of the photon
energy measurement, which is typically around 0.1% of
the incident photon energy [21].

Ξ−
CROSS SECTION RESULTS

The observed Ξ− events in this work represent the
highest statistics seen in exclusive photoproduction to
date. It is possible to probe the production mecha-
nism through various differential cross sections, such
as dσ/dM(K+Ξ−), dσ/dM(K+K+), dσ/d cos θ∗Ξ−

, and
dσ/d cos θ∗

K+ . To extract the cross section for the Ξ−,
a detailed simulation has been carried out. Assuming
a t-channel process, the reaction γp → K+Y ∗, Y ∗ →
K+Ξ− was simulated. Although earlier experiments
have reported the possible observation of Y ∗ → ΞK

for the Σ(2030)(JP = 7
2

+
) and Λ(2100)(JP = 7

2

−
)

states [6, 7, 8, 9], these results remain questionable due
to low statistics, and the results have not been corrob-
orated. Therefore, the parameters of our simulation
(M(Y ∗), Γ(Y ∗), and exponential t-slope values) were ad-
justed iteratively to match the data distributions. The
final parameters for the Y ∗ are M = 1.96 GeV/c2 and
Γ = 220 MeV/c2. The t-slope values range from 1.11
to 2.64 (GeV/c2)−2 for the 11 photon energy bins from
2.75 to 3.85 GeV. After the simulation successfully re-
produced the data, the differential cross section results
for the Ξ− were then extracted for the photon energy
range of 2.75 − 3.85 GeV. Due to limited statistics,
only total cross sections in the photon energy range of
3.85 − 4.75 GeV have been extracted.

Although the quark-diquark fusion mechanism was
used to explain earlier Ξ− inclusive photoproduction
data, hadronic degrees of freedom are of more relevance
at energy range of this experiment. Partly due to the
lack of data, there have been no theoretical predictions of
the cascade production in exclusive photon-nucleon reac-
tions until the production model developed by Nakayama
et al. [14] for the reaction γN → KKΞ. Using an effec-
tive Lagrangian approach, the model incorporates vari-
ous t, u, and s-channel processes, accounting for inter-
mediate hyperon and nucleon resonances. The free pa-
rameters include the pseudoscalar-pseudovector (ps-pv)
mixing parameter λ, the signs of the hadronic and elec-
tromagnetic transition coupling constants, the cutoff pa-
rameter ΛB and the exponent n in the baryonic form fac-

tor fB [fB(p2) = (
nΛ4

B

nΛ4
B

+(p2−m2
B

)2
)n, with p denoting the

baryon momentum and mB the baryon mass], and the
product of the coupling constants gNΛKgΞΛK for higher
mass resonances. In their model, the ps-choice and pv-
choice denote the extreme cases for the pseudoscalar-
pseudovector (ps-pv) mixing parameter λ, i.e., λ = 0
for the pv-coupling choice and λ = 1 for the ps-coupling
choice.

While Ref. [14] includes predictions using many vari-
ations of the parameters, the best agreement with our
data requires t-channel processes involving at least one
J = 3

2 hyperon. Therefore, the more interesting differ-
ential cross sections would be dσ/dM(K+Ξ−). Since
there are two K+ in the final state, both particles
are included in the differential cross section extractions
(Fig. 3). The model of Ref. [14] includes the Λ(1800)1

2

−

and the Λ(1890)3
2

+
, predicting a double humped behav-

ior for the M(Ξ−K+) spectra (Fig. 3, solid and dashed
curves). However, such a feature could potentially be
smoothed out if an additional hypothetical hyperon state



5

(Λ(2050)3
2

+
, with Γ = 200 MeV/c2) is included in the

model. The predictions agree with the data qualitatively
when the additional Λ(2050) state is included (Fig. 3,
dot-dashed curves).
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FIG. 3: (Color online) Differential cross section
(dσ/dM(K+Ξ−)) results (including both statistical and sys-
tematic uncertainties) from the current work compared with
model predictions from Ref. [14]. The solid curves corre-
spond to the predictions with the pv-coupling, the dashed
curves correspond to the ps-coupling choice, while the dot-

dashed curves include an additional 3

2

+
hyperon resonance

at 2.05 GeV/c2 with Γ = 200 MeV/c2.

As for the hyperon states at lower masses, the data
do not appear to support significant contributions from
the Λ(1800) and the Λ(1890), since the K+Ξ− invari-
ant mass spectra (Fig. 3) peak significantly higher, at
positions shifting according to the the photon energies.
Whether these enhancements are due to hyperon states
that decay to K+Ξ−, or simply larger phase space, could
not be sufficiently determined by the current analysis.
Further work by Mokeev et al. on the development of
the JLAB-MSU phenomenological approach [22] for ex-
clusive reactions with three final state particles to incor-
porate the K+K+Ξ− channel is in progress, and may
help to better determine the Ξ− photoproduction mech-
anism in the future.

Since no S = +2 meson system is believed to con-
tribute to the reaction γp → K+K+Ξ−, the K+K+ in-
variant mass spectrum is expected to be featureless, as is

supported by both the data and the model of Nakayama
⁀et al. [14] (Fig. 4).
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FIG. 4: (Color online) Differential cross section
(dσ/dM(K+K+)) results (including both statistical and sys-
tematic uncertainties) from the current work compared with
model predictions from Ref. [14]. The solid curves corre-
spond to the predictions with the pv-coupling choice, while
the dashed curves correspond to the ps-coupling choice.

The angular distributions of the Ξ− and K+ in the
photon-proton center-of-mass (c.m.) frame are also stud-
ied (Figs. 5, 6) . In Fig. 5, the Ξ− angular distributions
in the c.m. frame appear to be peaking backward for
most of the energy bins, qualitatively agreeing with the
predictions of Ref. [14], which seems to overestimate the
contributions from radiative transitional processes that
tend to create forward-peaking features. As for the K+

c.m. angular distributions (Fig. 6), the data exhibit a
somewhat forward-peaking feature although it decreases
in the most forward region. These angular distributions
are consistent with the predictions that Ξ photoproduc-
tion is dominated by t-channel hyperon processes.

The statistical uncertainties of the differential cross
section results are around 15%. Systematic uncertain-
ties due to the detector uncertainties, fiducial cuts, and
flux normalization factors amount to around 10%. Sys-
tematic uncertainties due to model dependence of the
acceptance is extracted for each kinematic bin by com-
paring the values obtained using a range of simulation
parameters. Such uncertainties are typically less than
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FIG. 5: (Color online) Differential cross section
(dσ/d cos θ∗

Ξ−
) results (including both statistical and sys-

tematic uncertainties) from the current work compared with
model predictions from Ref. [14]. The solid curves corre-
spond to the predictions with the pv-coupling choice, while
the dashed curves correspond to the ps-coupling choice.

5%, but may be as high as 10% for particular angular
ranges such as the most forward or most backward re-
gions of the detectors.

After the differential cross sections for the Ξ− were ob-
tained, the total cross sections (Fig. 7) were determined
as a function of Eγ by integrating the differential cross
sections. An additional systematic uncertainty, around
10%, as a result of the integration is extracted by com-
paring the results of integrating the four different sets
of differential cross sections. The Ξ− total cross section
is determined to be around 2 nb at Eγ = 2.8 GeV, and
rises to about 11 nb at 3.8 GeV. The rising cross sec-
tion with Eγ is consistent with our conjecture for the
simulation since higher photon energies simply provide
more phase space, making it possible to produce other
hyperon states that may decay to K+Ξ−.

For Eγ > 3.85 GeV, the statistics are limited and it is
not feasible to fine-tune the simulation model to match
the data in terms of various differential cross sections.
Instead, the production of Ξ− is assumed to be of the
same origin as that at Eγ = 3.8 GeV. The total cross sec-
tion results are then extracted in 6 energy bins for the
Eγ = 3.85 − 4.75 GeV region. Larger systematic uncer-
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FIG. 6: (Color online) Differential cross section
(dσ/d cos θ∗

K+) results (including both statistical and sys-
tematic uncertainties) from the current work compared with
model predictions from Ref. [14]. The solid curves corre-
spond to the predictions with the pv-coupling choice, while
the dashed curves correspond to the ps-coupling choice.

tainties, estimated to be around 20%, are included for
the total cross section results above 3.85 GeV. Within
uncertainties, the results are consistent with the contin-
uation of the rise of σ(Eγ), slightly different from the
flattening behavior predicted in Ref. [14]. However, it
should be pointed out that Ref. [14] used earlier prelim-
inary results reported in Ref. [20], and it is likely the
agreement between our data and the model could be-
come significantly better.

It should be mentioned that the current results are
higher than that reported earlier by CLAS (3.5± 1.1 nb
for Eγ = 3.0−3.9 GeV, [10]), which were obtained from
data with much lower statistics. The difference at the
same energy range is 3.5 ± 1.6 nb, about 2 standard de-
viations from zero. This difference is mainly due to the
different model for the CLAS acceptance and underesti-
mated systematics of the previous measurement.

Ξ−(1530) RESULTS

The 700 events in the MM(K+K+) spectrum (Fig. 2)
represent the highest statistics collected in exclusive pho-
toproduction of the Ξ(1530) to date. The Ξ−(1530)
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FIG. 7: Total cross section of Ξ− results (including both sta-
tistical and systematic uncertainties) from the current work
compared with model predictions from Ref. [14].

mass is found to be 1537.8 ± 0.9 ± 2.4 MeV/c2, while
the width is 15.0 ± 5.0 MeV/c2, both consistent with
the previous measurements [2]. In the energy range
of 3.35 − 4.75 GeV (there is no Ξ−(1530) signal below
3.35 GeV, due to low acceptance and production rate),
the Ξ−(1530) yields are extracted in eight cosθ∗Ξ−(1530)
bins in the c.m. frame to obtain the differential cross
section, shown in Fig. 8. However, the statistics are
not high enough to allow detailed model tuning for the
simulation, which assumes a t-channel process that pro-
duces a hypothetical hyperon Y ∗ (M = 2.155 GeV/c2,
Γ = 160 MeV/c2, t-slope=1.6 (GeV/c2)−2) production
that decays to Ξ−(1530)K+. The systematic uncer-
tainty due to the model dependence of the CLAS ac-
ceptance is estimated to be around 20%. The total
cross section is then obtained by summing the differ-
ential cross section results and is 1.76 ± 0.24 ± 0.13 nb
for Eγ = 3.35 − 4.75 GeV, less than 20% of that of the
ground state in the comparable energy range.

To search for the excited cascade resonances, the re-
action γp → K+K+π−[Ξ0] has been studied. The main
contributing background process is Ξ− production be-
cause of the consequent decays Ξ− → Λπ−, and the
missing particle from the K+K+π− system would be the
Λ (Fig. 9, top right). It is interesting to note that the
Ξ− signal reconstructed from the Λπ− invariant mass
(Fig. 9, bottom right) has a much better resolution
(σ ∼ 3 MeV/c2) than using the missing mass technique
(Fig. 2, σ ∼ 7 MeV/c2). The Ξ− mass, as determined
by the Λπ− invariant mass, is 1.3224 GeV/c2, consistent
with that identified from the reaction γp → K+K+(X)
via missing mass. However, the statistics are much lower
due to the low acceptance for the negative pion (around

*
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FIG. 8: Differential cross sections for the Ξ−(1530) in the
photon energy range of 3.35-4.75 GeV. Both statistical and
systematic uncertainties are included.

10%). Therefore the Ξ− cross section results were ex-
tracted only using the γp → K+K+(X) reaction. In ad-
dition, events with the π− coming from Λ decay remain
part of the background. To suppress this background,
the vertex position from the π− is required to be within
the target area because of the weak decay of the Λ. If
an additional proton is detected and the pπ− invariant
mass falls close to the Λ region, the event is removed
from the final data sample.

The K+K+π− events with an additional π+ detected
(about 20% of the total K+K+π− events) are used to
estimate the background, which is typically associated
with those events where a π+ or proton is misidentified as
a K+ (reactions such as γp → K+Λ(1520), Λ(1520) →
Λππ/Σπ can all contribute to this background). This
empirical background peaks around 1.2 GeV/c2 in the
K+K+π− missing mass spectrum, slightly overestimates
the right shoulder of the Λ peak, and in general describes
the data well near the Ξ0 peak(Fig. 9, left). The non-Ξ0

event background is also explored by investigating those
events orginating from outside of the target, which are
less likely to be associated with the Ξ−∗ production. The
results are qualitatively the same.

Finally, about 270 Ξ0 events can be identified from
the K+K+π− missing mass spectrum in addition to
the dominant Λ signal (Fig. 9, left). The Ξ0 events
are then kinematically fitted using the nominal Ξ0 mass
of 1.3148 GeV/c2. The final M(Ξ0π−) spectrum is
shown in Fig. 10, where the Ξ−(1530) is visible. For
those events that are associated with non-Ξ0-production,
events with low confidence level (CL < 10%) are used
to study the background. The background obtained is
included in the fit so that the total number of non-Ξ0
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FIG. 9: Left: (K+K+π−) missing mass spectrum. The
dashed background shape is obtained from events with an ad-
ditional π+ in the same event; Top right: (K+K+π−) missing
mass with a 3σ cut on the Ξ− region (in the (K+K+) miss-
ing mass); Bottom right: (Λπ−) invariant mass with a 3σ cut
on the Λ region (in the (K+K+π−) missing mass). Fitting
parameter notation is the same as Fig. 2.

events are within 10% of the expected number of events.
Using other methods to estimate this background as dis-
cussed earlier, and also side band events, yield similar
results.

However, it should be pointed out that reactions
such as γp → K+K∗0Ξ0, K∗0 → K+π− and γp →
K+Y ∗, Y ∗ → Y ∗+π− → K+π−Ξ0 may also contribute,
complicating the interpretation of the spectrum. The
knowledge of these processes is very limited, mostly
due to the lack of data. The first process is simu-
lated with a t-channel process of K∗ production with
a heavy hyperon that decays to K+Ξ0, producing a
background spectrum in the Ξ0π− invariant mass as
shown in the dot-dashed line of Fig. 10. The spectrum
was fitted with a p-wave Breit-Wigner function atop
the non-Ξ0-event background and the K∗0 background,
yielding about 70 Ξ−(1530) events (integrated from 1.50
to 1.8 GeV/c2). The small enhancement around the
1.6 GeV/c2 region has a significance of less than 2.5 stan-
dard deviations, and will be further discussed in the next
section.

The cross section of the Ξ−(1530) state can then be
extracted and compared with the results obtained from
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FIG. 10: (Color online) (Ξ0π−) invariant mass spectrum
from events with CL > 0.1. The dashed line is the non-Ξ0

background obtained from events with CL < 0.1, and the
dash-dotted line is the K∗0 background defined by γp →

K+K∗0Ξ0 simulation. The dotted line is the total back-
ground as the sum of these two backgrounds. The Ξ−(1530)
signal is parametrized by a p-wave Breit-Wigner function.

the reaction γp → K+K+(X) discussed earlier. As
a consistency check, assuming the branching ratio of
BR(Ξ−∗→Ξ0π−)
BR(Ξ−∗→(Ξπ)−) = 2

3 , the Ξ−(1530) → (Ξπ)− cross sec-

tion for the energy range of 3.35 − 4.75 GeV has been
determined to be 1.60±0.41±0.21 nb for the Ξ−(1530),
obtained from differential cross sections extracted in four
angular bins of the Ξ0π− system in the photon-proton
c.m. frame. Within uncertainties, the branching ratio
of the Ξπ channel of the Ξ−(1530) decay extracted from
this data, 0.91±0.30, is consistent with the known value
of 100%.

Ξ0
MASS AND THE Ξ DOUBLET MASS

SPLITTING

The mass of the Ξ0, identified from the reaction
γp → K+K+π−[Ξ0], is measured to be 1316.9 ±
0.6 ± 1.2 MeV/c2, higher the PDG value of 1314.83 ±
0.2 MeV/c2 [2]. The systematic uncertainty of
1.2 MeV/c2 is derived from the dependence on the kine-
matic variables such as the Ξ0 laboratory angles. The
Ξ doublet mass splitting can then be derived to be
5.4 ± 1.8 MeV/c2, consistent with the PDG value of
6.48 ± 0.24 MeV/c2. If the decay products of the Ξ0

are detected, the mass can be determined from invariant
mass instead of missing mass, and may lead to a better
measurement of the Ξ doublet mass splitting. However,
it is impossible to achieve with the current statistics.

DISCUSSIONS OF Ξ∗

Among the lighter cascade resonances, the Ξ(1620)
is a controversial state that has only been reported in
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the Ξπ channel, with very limited statistics; it is as-
signed only one star in the most recent PDG [2]. The
reported mass, between 1600 to 1630 MeV/c2, seems to
be too low for the second excited cascade resonance ac-
cording to the constituent quark model [23]. Earlier evi-
dence [24, 25, 26] has poor statistics. On the theoretical
side, some dynamic models [27, 28] have predicted a pos-
sible cascade resonance in the region of 1600 MeV/c2. In
the framework of a unitary extension of chiral perturba-
tion theory [27], the Ξ(1620) emerged in the Ξπ invariant
mass with a width around 50 MeV/c2, and is assigned to
an octet together with the N∗(1535), the Λ(1670), and
the Σ(1620). These models clearly contradict the con-
stituent quark model [23]. As for the Ξ(1690), although
it has recently been reported in the Ξπ channel [29], it
has mostly been observed in the Λ/Σ K− decay, which
has very low acceptance in the current experiment.

In the two reactions reported here, there is no sub-
stantial signal for any excited cascade state beyond
the Ξ−(1530). In the reaction γp → K+K+(X), al-
though the presence of the Ξ−(1530) is indubitable in
the spectrum (Fig. 2), the data are consistent with back-
ground fluctuations in the Ξ−(1620) and the Ξ−(1690)
regions. However, the absence of signals does not rule
out the existence of these resonances, since it is likely
that their production rate is too low to be observed due
to the low photon energies and limited acceptance in
our experiment. For the reaction γp → K+K+π−[Ξ0],
the number of Ξ−(1530) events is consistent with the
expectation when compared with the reaction γp →
K+K+[Ξ−(1530)]. In Fig. 10, only the Ξ−(1530) signal
is of statistical significance. In fact, the simulated K∗0

events also peak in the 1600 MeV/c2 region, where the
largest fluctuation occurs. Limited by the low statistics,
the interference effect is challenging to quantify, making
the interpretation of the data more difficult. It is also
worth reminding the reader that processes such as the
reaction γp → K+Y ∗, Y ∗ → Y ∗+π− → K+π−Ξ0 are
not included in the background simulation. To perform
a full partial wave analysis and make more definite state-
ments, an experiment with higher statistics is required.

SUMMARY

The Ξ doublet mass splitting is measured to be 5.4 ±
1.8 MeV/c2, consistent with the current global value
of 6.48 ± 0.24 MeV/c2. In addition, the first detailed
measurements of the Ξ− photoproduction cross sections
have been obtained from the reaction γp → K+K+[Ξ−].
The Ξ− angular distributions and K+Ξ− invariant mass
spectra are consistent with a production mechanism of

Y ∗ → Ξ−K+ through a t-channel process. However,
the current analysis is not sufficient to draw definite
conclusions in terms of the production mechanism nor
to determine the quantum numbers of the intermediate
hyperon resonances. The differential photoproduction
cross sections of the Ξ−(1530) have also been measured
for the first time through the reaction γp → K+K+(X),
and the Ξ−(1530) is also observed in the reaction γp →
K+K+π−[Ξ0] as well. Although a small enhancement is
observed in the Ξ0π− invariant mass spectrum near the
controversial 1-star Ξ−(1620) resonance, it is not possi-
ble to determine its exact nature without a full partial
wave analysis, due to the very limited statistics. This
will be addressed by future, higher energy photon exper-
iment using a hydrogen target that is currently planned
in CLAS at Jefferson Laboratory [30].
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