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O U T L I N E

• Goal of analysis

• Previous photoproduction cascade analysis

• Previous electroproduction cascade analysis

• Forward Detector results

• Forward Tagger results

• Outlook 
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GO A LS  

• This analysis aims to measure the cross section of  Ξ! within 𝐸"#$% = 6.5 and 7.5 GeV

• Extend 𝑄& region for cross section results for electroproduction of Ξ!

• Gain further insight on the production mechanism of cascades
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C a s c a d e  H y p e r o n s

4

• Hadron spectroscopy is a key tool to 
understand QCD
• Studying cascades in the baryon 

spectrum has many interesting 
attributes:

1. Cascades are relatively
underexplored; low cross sections 
due to doubly strange nature

2. Cascades should have the same
number of excited states as 
𝑁∗(𝑠 and Δ∗(𝑠 but only 11 states in 
PDG but only 6 have *** rating or 
better 

3. Cascades have a narrow resonance 
compared to some other excited 
states due to their ”longer” 
lifetime; Δ𝐸Δ𝑡 ≥ ℏ
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P r e v i o u s  P h o t o p r o d u c t i o n  C a s c a d e  S t u d i e s  
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J.W.Price et al. Exclusive photoproduction of the 
cascade hyperons

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

2005: CLAS g6 provided 
the first-ever exclusive 
measurement of Ξ! in 

𝛾𝑝 → 𝐾*𝐾*Ξ!

2007:  g11data, provided cross 
section results for Ξ! (1320) and 

Ξ!(1530) 

2018: g12 expanded the kinematic region 
of study (W=3.3GeV) as well as increased 

statistics 

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



P r e v i o u s E l e c t r o p r o d u c t i o n  S t u d i e s  

6

Jose Carvajal, Ph.D. thesis “First Time Measurement of Ground State 
Ξ! Hyperon Cross Section in Electroproudction” 
RG-A data (𝐸"#$% = 10.2 and 10.6 GeV)

RG-A data
InbendingFT

FD

FD

FT
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Current Work
𝑒𝑝 → 𝑒!𝐾"𝐾"(Ξ#)

Pass 2, RG-K 

(all available data) 



Forward Detector
𝐸!"#$ = 6.5 𝑎𝑛𝑑 7.5 𝐺𝑒𝑉



S e l e c t i o n  C r i t e r i a  a n d  C u t s  f o r  F D
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• Require one electron in FD region and require two 
𝐾*(𝑠 in FD

• Fall 2018, out bending
• All data currently available for 6.5 and 7.5 GeV



F D  E l e c t r o n  K i n e m a t i c s
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𝐸"#$% = 7.5 𝐺𝑒𝑉
𝐸"#$% = 6.5 𝐺𝑒𝑉
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F D  E l e c t r o n  K i n e m a t i c s  C o m p a r i s o n

𝐸"#$% = 7.5 𝐺𝑒𝑉
𝑬𝒃𝒆𝒂𝒎 = 𝟏𝟎. 𝟐 𝑮𝒆𝑽

RG-A

11
Jose Carvajal, Ph.D. thesis “First Time Measurement of Ground State Ξ#
Hyperon Cross Section in Electroproudction” 



F D  E l e c t r o n  K i n e m a t i c s
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𝐸"#$% = 7.5 𝐺𝑒𝑉
𝐸"#$% = 6.5 𝐺𝑒𝑉
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RG-K

F D  E l e c t r o n  K i n e m a t i c s  C o m p a r i s o n

RG-A

13

Jose Carvajal, Ph.D. thesis “First Time Measurement of Ground State Ξ#
Hyperon Cross Section in Electroproudction” 
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M i s s i n g  M a s s  o f f  o f 𝑒%𝐾&𝐾&(Ξ')
( 𝑬 𝒃 𝒆 𝒂 𝒎 = 𝟔 . 𝟓 𝑮 𝒆 𝑽 )

• Fitted to gaussian(1320) + 
gaussian(1530) + 4th order 
polynomial

• Shows well defined ground
state signal as well as potential
to explore 1st excited state



M i s s i n g  M a s s  o f f  o f 𝑒%𝐾&𝐾&(Ξ')
( 𝑬 𝒃 𝒆 𝒂 𝒎 = 𝟕 . 𝟓 𝑮 𝒆 𝑽 )
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• 7.5 has more runs than 6.5
• Higher statistics
• Fitted to gaussian(1320) + 

gaussian(1530) + 4th order 
polynomial 
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F D  E l e c t r o n  C o m p a r i s o n

16

• 𝑄! range comparison to previous 
electroproduction study shows that we will 
be able to fill in unexplored region of cross 
section with respect to 𝑄!

RG-A data
FT

FD

RG-K 𝑄& range



F D  E l e c t r o n  C o m p a r i s o n  f o r  D i f f e r e n t  E n e r g i e s  

• RG-K data shows clear peak without a 
very complication background 
compared to higher energy results 

Previous FD RG-A result

𝐸"#$% = 7.5 𝐺𝑒𝑉

Jose Carvajal, Ph.D. thesis “First Time Measurement of Ground State Ξ#
Hyperon Cross Section in Electroproudction” 

17



Forward Tagger
𝐸!"#$ = 7.5 𝐺𝑒𝑉



S e l e c t i o n  C r i t e r i a  a n d  C u t s  f o r  F T
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• Require one electron in FT region and require two 
𝐾*(𝑠 in FD

• Fall 2018, out bending
• All data currently available 7.5 GeV



F o r w a r d  T a g g e r  K i n e m a t i c s
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RG-A
Inbending

RG-K
Outbending
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Jose Carvajal, Ph.D. thesis “First Time Measurement of Ground State Ξ#
Hyperon Cross Section in Electroproudction” 
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M i s s i n g  M a s s  o f f  o f 𝑒%𝐾&𝐾&(Ξ')
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• Highest signal to background 
ratio out of all 3 data sets

• Fitted to 
gaussian(1320)+gaussian(1530) + 
4th order polynomial 

• Larger width than FD



M i x e d  E v e n t s  B a c k g r o u n d

• Data driven approach to mimic background shape
• Mixed event background takes one 𝐾" from one event and one 𝐾" from another 

event and computes the missing mass
• Background is not from correlated kaon pairs

RG-A eFD RG-A eFT

Jose Carvajal, Ph.D. thesis “First Time Measurement of Ground State Ξ#
Hyperon Cross Section in Electroproudction” 
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S u m m a r y  a n d  O u t l o o k

B. Gualtieri CLAS Collaboration Meeting 
Nov.'24 

• Exploratory study for cascade in lower energy regions look promising!

Supported by: DE-SC0013620, This work was supported by the US Department of 
Energy Office of Science, Office of Nuclear Physics, under contract no. DE-SC0013620

• Apply mixed events background 
• Improve overall analysis with timing and fiducial cuts
• Apply momentum and energy loss corrections for RG-K
• Acceptance correction
• Preliminary cross section results for all 3 data sets by end of semester!
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Thank you!


