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Motivation to 
Study Cascades

■ There are many missing cascade states that 
are predicted by flavor 𝑆𝑈 3 ! symmetry.

– From 𝑆𝑈 3 ! flavor symmetry, we 
expect the total number of Ξ∗ states to 
be the sum of 𝑁∗ and Δ∗ states.

– Theory calculations and more recently 
lattice QCD calculations predict many 
more states that have yet to be found

In addition to this…we also don’t know their
production mechanism!

■ In this analysis we aim to study the octet 
ground state, 𝚵#(𝟏𝟑𝟐𝟎) and the decuplet 
ground state, 𝜩#(𝟏𝟓𝟑𝟎)

S. Capstick and N. Isgur. Baryons in a relativized quark
model with chromo-
dynamics. Phys. Rev. D, 34:2809–2835, Nov 1986

Edwards R G, Mathur N, Richards D G and Wallace S J (Hadron Spectrum Collaboration) 2013
Phys. Rev. D 87 05450
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P h o t o p r o d u c t i o n  o f  C a s c a d e s

J.W.Price et al. Exclusive photoproduction of the 
cascade hyperons

2005: CLAS g6 provided the 
first-ever exclusive 

measurement of Ξ! in 𝛾𝑝 →
𝐾"𝐾"Ξ!

2007:  g11 data, provided 
cross section results for Ξ!

(1320) and Ξ!(1530) 

L.Guo et al. Cascade production in the reaction 
𝛾𝑝 → 𝐾!𝐾! 𝑋 and 𝛾𝑝 → 𝐾!𝐾!𝜋"(𝑋)

J.T. Goetz et al. Ξ∗ Photoproduction from 
Threshold to W=3.3 GeV

2018: g12 expanded the 
kinematic region of study 

(W=3.3GeV) as well as 
increased statistics 
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G L U E X  C A S C A D E  S T U D I E S

• GlueX presented on Cascade photoproduction 
(Hao Li, JLUO 2024)

• Extending the energy region of photoproduction 
data for Ξ!(1320) as well as first 
photoproduction measurement of Ξ∗!(1690)
and Ξ∗!(1820)
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F I R S T  E L E C T R O P R O D U C T I O N  C A S C A D E  
R E S U LT S

• Jose Carvajal, FIU, Ph.D. thesis “First Time Measurement of Ground 
State Ξ! Hyperon Cross Section in Electroproduction” 
• RG-A data (𝐸$%&' = 10.2 𝐺𝑒𝑉, Inbending)
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C u r r e n t  W o r k

• Binning in  𝑄! and 𝑐𝑜𝑠𝜃"*#$

Cross section measurement for both 𝚵! 𝟏𝟑𝟐𝟎 and 
𝚵! 𝟏𝟓𝟑𝟎 for lower electron beam energies of 6.5 
and 7.5 GeV across a range of 𝟎. 𝟎𝟒 ≤ 𝑸𝟐 ≤
𝟐. 𝟎 𝑮𝒆𝑽𝟐 using CLAS12’s forward detector and 
forward tagger (very low (quasi-real 
photoproduction) 𝑸𝟐 region)

• Shedding light on unclear production mechanism of 𝚵%

• Search for potential intermediate hyperon state 𝑌∗

Focus for this talk will be on the 𝚵! 𝟏𝟑𝟐𝟎 cross section 

• Filling in gap in 𝑄! coverage from previous 
electroproduction results 
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A n a l y s i s  P r o c e d u r e
Skim each data set for the 

desired final state of 
𝑒!𝐾"𝐾"

Reconstruct Ξ# from 
MM(𝑒!𝐾"𝐾") and refine 
with event selection cuts

Determine bins in 
𝑐𝑜𝑠𝜃$*%& and 𝑄' and 

extract yields

Run simulations for 
acceptance 
calculations

Calculate Differential Cross 
Section
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F o r w a r d  D e t e c t o r  K i n e m a t i c  C o v e r a g e

𝑬𝒃𝒆𝒂𝒎 = 𝟔. 𝟓 𝑮𝒆𝑽

𝑬𝒃𝒆𝒂𝒎 = 𝟕. 𝟓 𝑮𝒆𝑽

0.2 ≤ 𝑄' ≤ 1.2 𝐺𝑒𝑉'

0.2 ≤ 𝑄' ≤ 2.0 𝐺𝑒𝑉'
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F o r w a r d  Ta g g e r  K i n e m a t i c  C o v e r a g e

𝐸,-./ = 7.5 𝐺𝑒𝑉

0.04 ≤ 𝑄' ≤ 0.18 𝐺𝑒𝑉'
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E v e n t  S e l e c t i o n
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M i s s i n g  M a s s  

eFD = 7.5 GeV

• Signals are fitted to a Crystal Ball function; a Gaussian core with a power law tail 
to account for radiative effects

• Due to the combinatorial nature of the final state, 𝑒!𝐾"𝐾", event mixing is used 
for the background template

• Recalculating missing mass while randomizing one or both kaons
• This is represented in blue on the plots

eFT = 7.5 GeVeFD = 6.5 GeV
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eFT 7.5 GeV eFD 7.5 GeVeFD 6.5 GeV

𝚵 # 𝟏 𝟑 𝟐 𝟎 Y i e l d
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S i m u l a t i o n s

Input parameters for event generator: 
• Intermediate resonance mass distribution, 

i.e.  𝑋B → ΞC𝐾DEFGH

• ΞC Mass distribution (delta functionat 1.322 
GeV)

• Polar angle coverage 
• t-slope weighting
• 𝑄I weighting
• 𝑊 weighting

• Background merging tool is used as well
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• Weighting the event generator is 
still a work in progress for better 

data matching!

• Currently a W-weighting 
procedure is employed

D a t a  v s  s i m u l a t i o n  ( R E C )
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W - W e i g h t i n g  P r o c e d u r e

Due to the 
discrepancy between 
the generated 
reconstructed data  
and real data, a W 
weighting procedure is 
employed where in 
each bin of 𝑄', W is 
plotted and the REC 
data is weighted to 
the real data and a 
weight map is created 
and used in event 
generation

W for each bin of 𝑄$
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A c c e p t a n c e  D e t e r m i n a t i o n

Acceptance is calculated bin by bin using

Where 𝑁!,#$%& is yield determined by fitting the signal of the missing mass of 
𝒆'𝑲(𝑲(. For 𝑁!,#)%*, since MM(𝒆'𝑲(𝑲() is a delta function at 1.322 GeV with 
no background, we just count the events in the delta function

Later, for the cross section calculation, corrected detector acceptance is 
calculated by 

𝜂+,-- = 𝑅.//0% ∗ 𝑅.//0% ∗ 𝑅.//. ∗ 𝜂!,#

Where 𝑅.//
12-3!+4. is the tracking efficiency for each particle in the final state

𝜂0,2 =
𝑁0,234%

𝑁0,2546
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eFT 7.5 GeV
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V i r t u a l  P h o t o n  F l u x  F a c t o r

Γ5 =
𝛼
4𝜋

∗
𝑊
𝑀𝐸67

∗
𝑊7 −𝑀1

7

𝑀1𝑄7
∗

1
1 − 𝜖

Where,
• 𝛼: fine structure constant
• 𝐸,: beam energy
• 𝑀7: proton mass
• ϵ : Virtual photon polarization 

parameter

• 𝜖 = 1/(1 + 2 1 + 8+

9+
tan' (:,

'
))

eFD = 6.5 GeV

eFD = 7.5 GeV
eFT = 7.5 GeV
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F o r w a r d  D e t e c t o r  P r e l i m i n a r y  D i f f e r e n t i a l  
C r o s s  S e c t i o n

This cross section is calculated from the following 
equation:

WX
YZ!Y[FD\"#

$% =
]
^
∗ _
`&(a'bc(/d))

∗ _
e*
∗ _
fZ!f[FD\"#

$%

Where:

]
^ : Acceptance corrected yield

NB: Number of incident beam electrons
`+bc(
d,

: Target number density

Γg : Virtual photon flux

𝐸,-./ = 6.5 𝐺𝑒𝑉

𝐸,-./ = 7.5 𝐺𝑒𝑉
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Fo r wa rd  
Ta g g e r  
Re s u l t s  
• Cross section for the Ξ# 1320 for 

the electron in the FT are still being 
worked on

• Forward tagger results have higher 
acceptance than FD region

• We still see backward peaking 
behavior with no forward peaks
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C o m p a r i s o n  t o  R G - A  

• Not a direct comparison as
RG-K data shown here is at
6.5 GeV and RG-A data
shown is at 10.2 GeV both 
in forward detector

• Comparing only bins of 𝑄'
since this is the only other 
electroproduction cross 
section for cascade 
available at the current time

21



O u t l o o k

• Finish FT cross section results

• Next is to expand cross section to Ξ#(1530) for all data sets

• Expand binning to W to look at 𝑑𝜎/(𝑑𝑐𝑜𝑠𝜃$*%&𝑑𝑊) overall 𝑄'

• Vary parameters in simulation such as, t-slope to better understand the kinematic  
dependance

• Better data matching from simulation

• Interpolate acceptance and compare to bin-by-bin acceptance
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A n y  Q u e s t i o n s ?

Thank you!
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