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Agenda

1. Paper Update
2. General Analysis Update
3. n-LAr XS Systematics Update
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General 2x2 Analysis Outlook

Current “First Analysis” topics:

1.) Charged track multiplicity
2.) 𝜈𝜇-Ar CC mesonless cross section
3.) n-Ar cross section/neutron production in 𝜈𝜇-Ar interactions

Other analyses currently in development: 

1.) CC π0 production in 𝜈-Ar interactions
2.) Strangeness production (K+ + X, Λ + X) in 𝜈-Ar interactions

3

https://indico.fnal.gov/event/62058/contributions/282423/attachments/174313/236262/TrackMultStudies_19012024.pdf
https://indico.fnal.gov/event/62058/contributions/282424/attachments/174316/236263/Mesonless%20%F0%9D%9C%88%F0%9D%9C%87CC%20Cross%20Section%20%40%20ProtoDUNE-ND%20January%202024%20Activity%20Update%20%281%29.pdf
https://indico.fnal.gov/event/62058/contributions/282422/attachments/174315/236261/January24_2x2_workshop.pdf
https://indico.fnal.gov/event/63315/contributions/284669/attachments/175175/237591/pi0_update.pdf
https://docs.dunescience.org/cgi-bin/sso/RetrieveFile?docid=29958&filename=2x2analysis%20pres.pdf&version=1


Additional Analysis Topics: Cross Sections
Previous proposals and 
studies presented by 
Callum Wilkinson at 
January 2023 ND 
Prototypes Analysis 
Workshop

4

C. Wilkinson

https://indico.fnal.gov/event/57076/contributions/257048/attachments/163018/215639/2x2_xsec_physics.pdf
https://indico.fnal.gov/event/57076/contributions/257048/attachments/163018/215639/2x2_xsec_physics.pdf
https://indico.fnal.gov/event/57076/contributions/257048/attachments/163018/215639/2x2_xsec_physics.pdf
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Additional Analysis Topics: Cross Sections
Additional interesting options from Callumʼs list: 

1.) CC 1π+, CC 2π+

- Main difficulties: particle PID, containment (?), TPC-TPC matching
2.) NC 1π+, NC 2π+

- Main difficulties: particle PID, containment (?), TPC-TPC matching
3.) NC π0

- Main difficulties: shower containment and reconstruction, statistics
4.) Electron neutrino cross sections

- Main difficulties: shower containment and reconstruction, statistics
5.) NC-elastic scattering

- Main difficulties: proton detection threshold
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Additional Analysis Topics: Cross Sections
Can also extend analysis to differential cross sections:

- Pros: developing analysis techniques; potentially contribute to improving 
cross section models  for neutrino generators

- Cons: muon momentum difficult and/or impossible to measure; canʼt 
currently make FSI dials in generators using kinematic variables

Possible differential variables include:

- Proton (pion) multiplicity
- Muon angle w.r.t. beam
- Leading proton (pion) momentum
- Angle between leading proton (pion) and sub-leading proton (pion)
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n-LAr Inelastic XS 
Preliminary Analysis: neutron KE spectrum in LAr

● Just counting/reconstruction (like a Michel e- spectrum)
● Relies on:

○ Neutron time of flight
○ Distance between neutrino vertex and neutron inelastic scatter.

● Systematics on next slide

Next Step: XS
● “quantify the flux by measuring the attenuation of neutron interactions as a function of 

distance from the neutrino vertex”
● Major Systematics: 

1.vertex resolution
2.p+ blip identification

Final XS given as flux-averaged energy in time-of-flight bins
10



n-LAr Inelastic KE Spectrum Systematics 
Expected leading systematics:

1. Neutron elastic scatters: The primary neutron scatters before interacting and producing a proton.

2. Hadron interactions: A charged pion scatters to produce a neutron which in turn produces a proton which 
would fake our signal

3. Near-synchronous: Neutrino interactions occurring nearly simultaneously within the fiducial volume can 
lead to signal overlap, causing topology-based signal distortion.

4. Dirt activity: Proton is produced through outside particle and you have a true neutrino interaction inside the 
fiducial volume

5. Time drift between modules: Can calibrate out, but need O(ns) measurement
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n-LAr Inelastic XS 
● Quantify the impact of the gaps between modules on this analysis
● And the steel in the detector frame(?) or is it mostly G10?

To Do: 
Influence on dead regions on analyses
Are there any topologies that are particularly good with native 3D reco
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2x2 Paper Update

Link to Overleaf Draft: 
https://www.overleaf.com/8458358216drvhjgctvqpr#7b24bd

Status: 

- General Structure Forming

To Do: 

- email Callum and James at LBNL, plan for 2 complimentary papers
- 1st is 2x2 first events: simple, released immediately (we lead)
- 2nd is detailed technical paper with more complex analysis             

(they lead)
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Additional thoughts: weʼre not on MINERvA, which makes 
pursuing this analysis more difficult and probably not worth it 
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