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Advisor: Nilanga Liyanage
Sub-system: GEM detectors
Thesis experiment:

nTPE (E12-20-010)

Analysis:
Calibrations
Simulation
Physics extraction

Thesis writing in-progress

Expected graduation: Spring 2024 
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Thesis Overview

nTPE (neutron Two-Photon Exchange): measurement of the two-photon exchange 
contribution to the electron-neutron elastic scattering cross-section. Extract the electric form 
factor of the neutron, using the “ratio method”.

Measurement at a single 𝑄! = 4.5 ⁄"#$ % ! point, and two beam energies corresponding to 
two scattering angles and two correlated epsilon values: 

𝑺𝑩𝑺𝟖:	𝐸& ≈ 6	𝐺𝑒𝑉, 𝜃& = 26.5', 𝜖& ≈ 0.6	 𝑺𝑩𝑺𝟗:	𝐸! ≈ 4𝐺𝑒𝑉, 𝜃! = 49.0', 𝜖! ≈ 0.8

From Observables:

Define as B

𝐴 ≈ 𝐵 1+ ∆𝜖𝑆! 	 𝑤ℎ𝑒𝑟𝑒	 ∆𝜖 = 𝜖" − 𝜖#
Small range of 𝜖 
& small slopes: 

𝜎!
𝜎"

≡ 𝑅𝑜𝑠𝑒𝑛𝑏𝑙𝑢𝑡ℎ	𝑠𝑙𝑜𝑝𝑒	𝑟𝑒𝑙𝑎𝑡𝑒𝑑	𝑡𝑜
𝐺#
𝐺$

	 (𝑖𝑛	𝑂𝑃𝐸)
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Thesis Overview

Thesis completion ~ 30% - Intro, Foundations, GEMs

Sub-detector focus: GEMs
UV GEM R&D: physical/electrical design, prototyping, 
gas flow design/simulations, testing, tooling, et cetera…
GEM initialization and commissioning
Crosstalk analysis
….

Physics
Presentation of precursory preliminary results
GMn extraction along the way (??)

TPE contribution from the 𝑆! extraction
…

Defense in Spring 2024
Complete majority of thesis by end of/early next year
Leaves room for revisions, additions, etc…
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Current State of Things: Analytical Foci
Crosstalk Event ViewerData Calibrations

Mainly in the form of GEM Crosstalk
§ Not being implemented
§ Better suited for higher rates

MC calibrations
MC & Data “tuning” for SBS8 & SBS9
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Current State of Things: Analytical Foci

HCal Detection Efficiencies
SBS4 Data → 97.3766% +/- 3.37492% SBS4 MC → 96.6%
SBS8 Data → 96.3466% +/- 1.89023% SBS4 MC → 97.9%
SBS9 Data → In-progress  SBS9 MC → 98.0%
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Looking Ahead

To-do list…
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That series actually converges… to 1… not so lucky….

Replay simulations (recent updates and additions)

Calibrations on MC (revisions already needed and more required 

after re-replay anyhow)

Re-tune

Script/machinery to extract GMn and TPE

Error propagation mechanisms

Complete writing of non-results-related thesis

Experimental set-up (All {sub} systems)

Analysis flow

Looking Ahead
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Summary
Analysis

Hiccups from recent move and recent breakdown of cue/farm setup
Rebuild/replay simulations → Repeat Efficiencies → Tuning → 
Yields → Extractions → Error → Results {Pass 1, 2 as available}

Need machinery for physics extractions… plan of attack in place
Goal for physics extraction: Fall 2023 

Writing of thesis (~30% complete)
Expected graduation: Spring 2024



Presentation Complete.

Thank you.

Questions?



BACKUP SLIDES





Timeline & Schedule




