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MENU Abstract

Understanding the nature of the baryon spectrum will provide useful insight of quantum chromo-
dynamics in the non-perturbative regime. Significant progress has been made in the N∗ regime,
but little is known about doubly-strange hyperons. Most knowledge of the Cascade baryons stems
from Kaon-nucleon experiments from the 1960s and 1970s or the more recent CLAS experiment
at Jefferson Lab. This research studies these doubly-strange baryons via photoproduction using
the GlueX experiment at Jefferson Lab. The Cascade octet ground state Ξ− can be studied by
exclusive t-channel process in the reaction γp→ KY ∗ → K+(Ξ−K+) with the subsequent decay of
the Ξ− into Λπ−. The model suggests the intermediate hyperon Y ∗ is broad and possibly consists
of overlapping states. To better understand the production mechanism, the cross section for Ξ−

is studied and extends the energies of the recently published cross section from CLAS g12. GlueX
utilizes a linearly polarized photon beam which allows access to a quasi-two-body beam asymmetry
(γp → KY ∗

Ξ−). The quasi-two-body beam asymmetry provides information about the t-channel
exchange producing the intermediate hyperon. With GlueX Phase-I data taking concluded, pre-
liminary results of the Cascade baryon spectrum are presented.
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1 Introduction

The Cascade baryons, Ξ, are doubly-strange baryons, which are either |uss〉 or |dss〉 in quark
content. There are only two states in which the existence is certain (four star rating) and four states
in which the existence is very likely (three stars) [4]. Flavor SU(3) symmetry implies that particles
within the same multiplet have similar properties, and only differ in quark content. Therefore,
by not discriminating by charge, there should be as many Ξ states as there are N* and ∆∗ states
combined in which the Particle Data Group (PDG) lists 25 with at least a three star rating. The
quantum numbers of the strange hadrons are mostly unknown. The spin-parity measurements JP

in the PDG table rely heavily on model predictions such that all parity values are predictions. The
understanding of the Cascade baryons has remained mostly unchanged since 1988 [4]. A summary
of the known knowledge has been provided below.

Overall – Status as seen in –
Particle JP Status Ξπ ΛK ΣK Ξ(1530)π

Ξ(1318) 1/2? ****
Ξ(1530) 3/2+ **** ****
Ξ(1620) * *
Ξ(1690) *** *** **
Ξ(1820) 3/2− *** ** *** ** **
Ξ(1950) *** ** ** *
Ξ(2030) *** ** ***
Ξ(2120) * *
Ξ(2250) **
Ξ(2370) **
Ξ(2500) * * *

Overall
Particle JP Status

Ξ(1318) 1/2+ ****
Ξ(1530) 3/2+ ****
Ξ(1620) *
Ξ(1690) ***
Ξ(1820) 3/2− ***
Ξ(1950) ***
Ξ(2030) 5/2? ***
Ξ(2120) *
Ξ(2250) **
Ξ(2370) **
Ξ(2500) *

Table 1: The current status of the Cascade resonances from the 2018 and the interactive version of the PDG,
respectively. Note, the parity of Ξ(1320) is not measured but is expected to be positive.

For the known lower mass resonances, the widths Γ are only 10-20 MeV, which is 5-30 times
narrower than the corresponding N* and ∆∗ states. The octet ground state Ξ(1320) decays weakly,
which results in a long lifetime relative to strongly decaying hadrons. This lifetime corresponds
directly to the width as Γ = 1/τ resulting in a much smaller width than the strongly decaying N*
and ∆∗ states.

2 Casacde Baryons in Photoproduction

Cascade resonances are predicted to be produced through t-channel photoproduction of intermedi-
ate hyperon resonances. The direct production of Cascade baryons is suppressed due to the OZI
rule.
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The figure shows the current model used to describe the production of negatively-charged Cas-
cade baryons. Through t-channel production, a Kaon and an excited, singly-strange hyperon are
produced. The exchange particle in the reaction is chosen as a Kaon due to the necessity to conserve
quantum numbers and flavor at each vertex of the Feynman diagram.

Figure 1: Simulations for momentum vs polar angular for all tracks where the red box denotes the Kaon-
pion separation currently possible in the TOF. The three high intensity regions consist of Kaons, Kaons and
protons, and pions from highest momentum to lowest [PAC39].

The Kaon produced through the t-channel mechanism is predicted to be very forwarding-going
and to have high momentum. This allows for the two Kaons to be separated via their polar
angle, the angle between the beam line and their trajectory. Figure 7 shows the simulations of
the momentum vs polar angle distribution done for both the octet ground state Ξ−(1320) and an
excited state Ξ−(1820) [PAC39]. The three high intensity regions consist of Kaons, Kaons and
protons, and pions from highest momentum to lowest. The red box indicates the current region,
which can be easily identified via momentum separation in the TOF spectrometer.

2.1 Previous Photoproduction Measurements

The Cascade baryons were studied in CLAS with an inclusive reaction γp → K+K+(X) for
Ξ−(1320) where X denotes a missing particle. CLAS g11 ran in 2004 and primarily had a beam
energy range of 1.60−3.85 GeV. There was additional limited data taken with the beam energy ex-
tended to 5 GeV. This resulted in much larger error bars for beam energies greater than 3.85 GeV.
Only beam energies between 2.6−4.75 GeV were considered [2]. A clear signal for the ground state
was seen with a yield of 7678± 173. The total cross section is shown for the inclusive Ξ−(1320) for
these beam energies and includes both statistical and systematic uncertainties. A theory prediction
which extends to 5 GeV in beam energy is also included [3].

CLAS g12 ran in 2008 and had a beam energy up to 5.4 GeV. The run group also saw a clear
signal for the ground state with a yield of 11000. The total cross section for the inclusive Ξ−(1320)
was measured, as well as other observables. There are additional systematic errors for this cross
section measurements of 8.8% which is not included in the errors plotted [1]. These results are
consistent with the results from the g11 run group.
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Figure 2: Missing mass spectrum for γp→ K+K+(X), which shows a clear signal for Ξ−(1320) and Ξ−(1530)
and the cross section results for CLAS g11 [2]. The total cross section includes both statistical and systematic
uncertainties.

Figure 3: Missing mass spectrum for γp→ K+K+(X), which shows a clear signal for Ξ−(1320) and Ξ−(1530)
and the cross section results for CLAS g12. The total cross section only includes statistical uncertainties.
The 8.8% systematic uncertainties are not included [1].

3 Cascade Baryons at GlueX

3.1 Event Selection
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This analysis uses the third reconstruction of the Spring 2017 Run Period. The data was
produced in analysis launch version 20 where the reaction 1 14 11 11 23 with tags B4 M23 was
used. The standard analysis library cuts apply to this reaction.

Kinematic fitting is the most important tool in this analysis and believed to be the main
advantage of studying exclusive reactions. The form of kinematic fitting used in this analysis results
in the requirement for 4-momentum conservation, Λ mass constraint, and vertex constraints. The
latter requires that particle tracks originate from the same vertex. For the Ξ−(1320), three different
vertices are constrained: γp → K+K+Ξ−, Ξ− → Λπ−, and Λ → pπ−. Each event is required to
converge and is given a confidence level based on how likely it is to be the desired reaction. A
X2/NDF is also given for the fit. The confidence level and X2/NDF distributions are shown. A
X2/NDF cut of 3.5 is applied to kinematic fitter. This is due to the appearance of a shoulder
in Monte Carlo for higher values, as seen in the figure. The signature for the octet ground state
Ξ−(1320) can be observed in the Spring 2017 data through the above reaction where the detected
final state particles are K+K+pπ−π−. The Λπ− invariant mass distribution from data is shown in
the figure. There is a yield of 2614± 68 events.

ConfidenceLevel
Entries    1.524926e+07

Mean   0.05405

Std Dev    0.1767

Confidence Level (19 Constraints, 9 Unknowns: 10-C Fit)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

# 
C

om
bo

s

3
10

410

5
10

6
10

710

ConfidenceLevel
Entries    1.524926e+07

Mean   0.05405

Std Dev    0.1767

−Ξ+K+K→pγ
3x, Λ−π→−Ξ

3x, p−π→Λ
3x, Λm, 4pKinematic Fit Constraints: 

ChiSqPerDF
Entries    1.524926e+07

Mean    26.16

Std Dev     37.36

/NDF (19 Constraints, 9 Unknowns: 10-C Fit)2χFit 
0 50 100 150 200 250 300 350 400 450 500

# 
C

om
bo

s

10

210

3
10

410

5
10

6
10

ChiSqPerDF
Entries    1.524926e+07

Mean    26.16

Std Dev     37.36

−Ξ+K+K→pγ
3x, Λ−π→−Ξ

3x, p−π→Λ
3x, Λm, 4pKinematic Fit Constraints: 

Figure 4: Signal Monte Carlo before any X2/NDF cut.
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Figure 5: Signal Monte Carlo before any X2/NDF cut.

3.2 Monte Carlo Studies

Monte Carlo is created using the genr8 generator for the reaction γp→ K+Y ∗ → K+K+Ξ−(1320).
The particles are allowed to decay in geant in order for the detached vertices to be handled correctly.
The common beam properties is used to produced the beam spectrum from the ccdb values. The
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Figure 6: Invariant mass spectrum for Ξ−(1320)→ Λπ− in the Spring 2017 data set.

software used is contained in the xml file version recon− 2017 01− ver03 9.xml with HDGeant4.
Random triggers associated with the REST version were used. The full run range of 30274 to 31057
was used to produce 100 million events.

It was noticed that there was a beam current dependence on the efficiency. The Monte Carlo
events are scaled such that they are proportional to the number of triggers in data. This should
accurately account for the beam current dependence. Additionally, there was also a concern about
fitting the Monte Carlo with the same shape as data. There are many more order of magnitude of
Monte Carlo compared to data, and thus, it would be expected that the shape is not necessarily
the same. To account for this the efficiency was also calculated using yields from counting within
the range of 1.31− 1.34 GeV in Λπ− invariant mass.

Figure 7: Efficiency by run number shown next to the beam current and beam on current by run.

The input parameters for the generator include the mass and width of every particle and the
t-slope of the reaction. The values for the mass and width for the known particles are taken from
the PDG. The intermediate hyperon for the isobar decay is mathematically calculated using the

formula [K+] + [Ξ−] ≥MY ∗ ≥ w− [K+], where w is the center of mass energy
√

2 ∗ Eγ ∗mp +m2
p.
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The nominal value for mass of the intermediate is taken for Eγ of 9 GeV, or 1.82 ≥MY ∗ ≥ 3.72GeV .
This results in a mass of 2.8 GeV and a width of 1.0 GeV. If the beam energy is taken as the lowest
value of interest, the resulting intermediate mass and width is 2.5± 0.7 GeV. Similarly, the highest
beam energy results in 3.0± 1.2 GeV.

A run range with a stable efficiency, 3096∗, was shown for studies. The mass and width were
varied within these ranges. The effect on the efficiency can be seen in the figures where the green
solid lines mark the nominal values and the dashed lines mark the statistical errors on the efficiency.
The t-slope was chosen as 1.4. This is the value that was used in the PAC 39, as well as in CLAS
publications. An initial look into data showed approximately the same value. Like above, the effect
on the efficiency was explored as the t-slope has been varied by ±5%, ±10%, and ±15%.

Figure 8: The beginning efficiency of the runs used to study (left). The effect on the efficiency from generator
input parameters (right).

Figure 9: The effect on the efficiency from generator input parameters.

3.3 Ξ−(1320) Cross Section

The cross section for Ξ−(1320) was calculated using:

σ =
N

TargetThickness ∗ Flux ∗ ε
(1)
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The yield is taken from the fit of the data using a Gaussian to model the peak and a second-order
ChebyChev polynomial to model the background. The yields are accidental subtracted using 1
beam bunch on each side of the prompt signal peak and weighting them by -0.5. A target factor
of 1.22 b−1 is used. The flux values are obtained from the script in hd utilities using the options of
beginning run 20274, ending run of 31057, minimum energy of 6.4 GeV, and maximum energy of
11.4 GeV.

The efficiency used is that of the Ξ−(1320) and requiring that it is reconstructed. All decay
modes are produced and then only the default decays in the Reaction Filter are analyzed. The
resulting efficiency is thus more accurately defined as ε∗BR(Ξ− → Λπ−)∗BR(Λ→ pπ−). Because
of this, the cross section does not need to account for the branching ratio as it cancels out with
with the branching ratios from the efficiency calculation. For comparison the CLAS g12 results
were extracted from the image in the paper using Engauge Digitizer and then converted to being
a function of beam energy.

σ =
N

TargetThickness ∗ Flux ∗BRΞ ∗BRΛ ∗ ε
BRΞ∗BRΛ

(2)

Figure 10: The efficiency and total cross section for Ξ−(1320)

3.4 Robustness of the measurement

There is some concern about the dip in the cross section measurement just after the coherent peak
edge. The primary hypothesis is that the accidentals are overestimated in that bin. Several tests
are currently in the works to test the robustness of that dip.

One such test is to measure the cross section using only amorphous runs. The flux, efficiency,
and data were all considered using only the 57 amorphous runs during the 2017 run period. The
measurement is statistically limited but the dip in question isn’t present, though there are also
other structures that have developed.

Other tests that currently in the works include: varying the bin size, varying the bin location,
comparing high and low intensity and comparing the diamond orientations to the above amorphous
cross section.
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Figure 11: The efficiency and total cross section for Ξ−(1320) considering only amorphous runs.
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Appendix: Branching Ratios

Decay BR Decay BR Decay BR

Ξ0 → Λπ0 0.995 Ξ(1530) → Ξπ 1 Ξ(1620) → Ξπ ?
Ξ− → Λπ− 0.999 → Ξγ < 0.04

Ξ(1690) → ΛK seen Ξ(1820) → ΛK large Ξ(1950) → ΛK seen
→ ΣK seen → ΣK small → ΣK ?
→ Ξπ seen → Ξπ small → Ξπ seen
→ Ξ(1530)π ? → Ξ(1530)π small → Ξ(1530)π ?
→ Ξππ ? → Ξππ ? → Ξππ ?

Ξ(2030) → ΛK ∼ 0.2 Ξ(2120) → ΛK seen Ξ(2250) → Ξππ ?
→ ΣK ∼ 0.8 → ΛKπ ?
→ Ξπ small → ΣKπ ?
→ Ξ(1530)π small
→ Ξππ small
→ ΛKπ small
→ ΣKπ small

Λ → pπ− 0.64 Σ+ → pπ0 0.52 Σ0 → Λγ 1
→ nπ0 0.36 → nπ+ 0.48

K0
S → π+π− 0.69 K0

L → π0π0π0 0.195
→ π0π0 0.31 → π+π−π0 0.125

→ π±e∓νe 0.406

Σ− → nπ− 0.998 π0 → γγ 0.988

Table 2: Decay channels of interest and branching ratios from the PDG Review.
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