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t-channel                             vs                           u-channel
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• proton momentum slightly modified

• meson produced near midrapidity

• relatively large cross section

• proton momentum largely modified

• meson produced near beam proton’s momentum

• suppressed cross section (1/10-1/100 of t-channel)



Why u-Channel Production?

10CA EIC ConsortiumZachary Sweger 8/15/2024

Backward Xsecs → partonic correlations 
and baryon number?
• In our recent PRC 106, 015204 (2022), 

Spencer discusses a connection between 
backward production and baryon stopping

• Spencer argues that u-channel processes may 
probe baryon junctions within the proton

Our question now: 
• can we transform u-channel cross sections to 

tomographically “image” baryon junction? Or 
baryon-number carrier?

p

𝛾𝛾*

p’

p 𝛾

𝛾* p’

Forward scattering off proton’s gluon field

Backward scattering off proton’s… baryon number?
                                                                gluon junction?
       di-quark clusters?

Reggeon carrying 
baryon number



The Physics

11CA EIC ConsortiumZachary Sweger 8/15/2024

The Models



u-channel Processes We’ve Simulated

12
CA EIC ConsortiumZachary Sweger 8/15/2024



u-channel Processes We’ve Simulated
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• Omega meson production: ω → 𝛾𝛾𝛾
Phys. Rev. C 106, 015204 (2022)
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• Omega meson production: ω → 𝛾𝛾𝛾
• Rho meson production: ρ0 → π+π-

Phys. Rev. C 106, 015204 (2022)
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u-channel Processes We’ve Simulated
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• Omega meson production: ω → 𝛾𝛾𝛾
• Rho meson production: ρ0 → π+π- 

• Pion production: π0 →  𝛾𝛾 }

Phys. Rev. C 106, 015204 (2022)
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u-channel Processes We’ve Simulated
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• Omega meson production: ω → 𝛾𝛾𝛾
• Rho meson production: ρ0 → π+π- 

• Pion production: π0 →  𝛾𝛾
• DVCS: 𝛾 }

Phys. Rev. C 106, 015204 (2022)
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Example Studies:
- acceptance with EIC 

kinematics

- u-channel virtual 

Compton scattering shown 

here
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• Edited eSTARlight to produce this channel

• Made event samples for the simulation campaigns

• These samples are now run in each campaign and can be found on 

S3:eictest/EPIC/RECO/24.07.0/epic_craterlake/EXCLUSIVE/UC

HANNEL_RHO/10x100

u-channel ρ0 →π+π- in B0

At 10⨉100 GeV charged pions land in the B0

https://github.com/eic/estarlight
https://dtn01.sdcc.bnl.gov:9001/buckets/eictest/browse
https://dtn01.sdcc.bnl.gov:9001/buckets/eictest/browse/RVBJQy8=
https://dtn01.sdcc.bnl.gov:9001/buckets/eictest/browse/RVBJQy9SRUNPLw==
https://dtn01.sdcc.bnl.gov:9001/buckets/eictest/browse/RVBJQy9SRUNPLzIzLjEyLjAv
https://dtn01.sdcc.bnl.gov:9001/buckets/eictest/browse/RVBJQy9SRUNPLzIzLjEyLjAvZXBpY19jcmF0ZXJsYWtlLw==
https://dtn01.sdcc.bnl.gov:9001/buckets/eictest/browse/RVBJQy9SRUNPLzIzLjEyLjAvZXBpY19jcmF0ZXJsYWtlL0VYQ0xVU0lWRS8=
https://dtn01.sdcc.bnl.gov:9001/buckets/eictest/browse/RVBJQy9SRUNPLzIzLjEyLjAvZXBpY19jcmF0ZXJsYWtlL0VYQ0xVU0lWRS9VQ0hBTk5FTF9QSTAv
https://dtn01.sdcc.bnl.gov:9001/buckets/eictest/browse/RVBJQy9SRUNPLzIzLjEyLjAvZXBpY19jcmF0ZXJsYWtlL0VYQ0xVU0lWRS9VQ0hBTk5FTF9QSTAv
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The Models

Detectors/Tracking
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• I plotted angular acceptance of reconstructed tracks

u-channel ρ0 →π+π- in B0
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• eicrecon uses coordinate system wrt electron beam pipe

• Far-forward tracks should be rotated by crossing angle

u-channel ρ0 →π+π- in B0
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Benchamark plot: 

π+π- reconstruction 

efficiency
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Benchamark plot: 

π+π- reconstruction 

quality
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Benchmark plot: 

π+π- reconstruction quality (percent)
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Benchmark plot: 

ρ0 mass reconstruction
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Benchmark plot: 

ρ0 mass reconstruction within B0
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Benchmark plot: 

u-channel slope reconstruction
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Benchmark Figures
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The Models

Detectors/Tracking

Continuous Integration
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How the Benchmark Works

• A push on GitHub triggers pipeline on GitLab
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How the Benchmark Works
• The pipeline walks through 11 steps including Geant simulations of 

detector response, tracking and reco, and the analysis script
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How the Benchmark Works
• The pipeline walks through 11 steps including Geant simulations of 

detector response, tracking and reco, and the analysis script

• Explore at: https://eicweb.phy.anl.gov/EIC/benchmarks/physics_benchmarks/-/pipelines/99894

https://eicweb.phy.anl.gov/EIC/benchmarks/physics_benchmarks/-/pipelines/99894
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How the Benchmark Works

• By clicking on the “collect” stage, you can 

view a log of the analysis script  
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just the plots and files from the analysis 
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How the Benchmark Works

• By clicking on the “collect” stage, you can 

view a log of the analysis script  

• The pipeline creates “artifacts” which are 

just the plots and files from the analysis 

script

• You can browse these by clicking here
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How the Benchmark Works

• Hot and ready plots to evaluate detector performance!

https://eicweb.phy.anl.gov/EIC/benchmarks/physics_benchmarks/-/jobs/3641318/artifacts/browse/results/u_rho/


38

Benchmark Status Flag: 

ρ0 Reconstruction Efficiency

• Raise a bad status flag if this eff. drops below 90%
• Status procedure detailed in common_bench repo

https://eicweb.phy.anl.gov/EIC/benchmarks/common_bench/-/tree/master/include/common_bench?ref_type=heads
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Benchmark Status Flag: 

ρ0 Reconstruction Efficiency

• Raise a bad status flag if this eff. drops below 90%
• Status procedure detailed in common_bench repo

• The benchmark status flag seems to have worked 

https://eicweb.phy.anl.gov/EIC/benchmarks/common_bench/-/tree/master/include/common_bench?ref_type=heads
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Benchmark Status Flag: 

ρ0 Reconstruction Efficiency

• Raise a bad status flag if this eff. drops below 90%
• Status procedure detailed in common_bench repo

• The benchmark status flag seems to have worked

• Flag is now propagated to last pipeline step!

https://eicweb.phy.anl.gov/EIC/benchmarks/common_bench/-/tree/master/include/common_bench?ref_type=heads
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Benchmark Plots Explained

• The most important artifact created with each pipeline is this 

bench.pdf which explains each figure and defines quantities 

like “efficiency,” kinematic cuts, etc.

https://eicweb.phy.anl.gov/EIC/benchmarks/physics_benchmarks/-/jobs/3641318/artifacts/file/results/bench.pdf
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The Models

Detectors/Tracking

Continuous Integration

TDR Readiness
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Benchmark Tutorial

• ePIC has been running tutorials for TDR readiness
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Benchmark Tutorial

• ePIC has been running tutorials for TDR readiness

• I’ve been contacted to organize a tutorial on developing benchmarks
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Benchmark Tutorial

• ePIC has been running tutorials for TDR readiness

• I’ve been contacted to organize a tutorial on developing benchmarks

• Tutorial will be October 3rd 1-4pm EST! (It’ll be recorded & posted)



Conclusions

46
EIC CA Consortium 

Meeting
Zachary Sweger 8/15/2024

• The backward rho benchmark for the B0 is in 

good shape

✓ Easily switches between simulation 

campaign files and dynamically-simulated 

results (1 hour per 1000 events)

✓ Produces presentation-ready figures

✓ Contains status flag to communicate 

detrimental changes in B0 performance

• Thanks to Saeahram Yoo for fixing reco. 

association issue in the code!

• I am now working with ePIC software devs to 

organize a tutorial on making benchmarks

• Next: Finish the ZDC u-channel π0 benchmark
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Thank you for your attention!

zwsweger@ucdavis.edu
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