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Overview of ProtoDUNE-SP
• ProtoDUNE Single Phase (SP) is the first “full-scale” engineering test of 

DUNE Far Detector Module 1.

• Liquid argon time projection chamber with 700 tons of argon.

• Took two months of beam data-taking from September to November 2018.

o Beam used to measure hadron-Ar cross sections.

o See status of all work in the CERN report.

Diagram of the operating principle for 

liquid argon time projection chambers 
(TPCs). (arXiv:2002.03005)
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• ProtoDUNE-SP has published five papers on its performance:

o Detector performance (JINST 15 P12004)

o Design and operation (JINST 17 P01005)

o Track/shower separation using a CNN (EPJC 82 903)

o Michel electron reconstruction (Phys. Rev. D 107, 092012)

o Reconstruction of cosmic/beam using Pandora (EPJC 83 618)

ProtoDUNE-SP has surpassed technical specifications of DUNE FD Design Requirements (JINST 15 P12004):

https://cds.cern.ch/record/2857125
https://arxiv.org/abs/2002.03005
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12004
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01005
https://link.springer.com/article/10.1140/epjc/s10052-022-10791-2
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.092012
https://link.springer.com/article/10.1140/epjc/s10052-023-11733-2
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12004
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ProtoDUNE-SP Cross Sections
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• CERN NP provided a hadron beam originating from SPS (Phys. Rev. Accel. Beams 22, 061003).

• Operate as a traditional test beam experiment to measure how hadrons travel through argon using.

1 GeV/c positive pion candidate inelastic interaction

π sec. cand.

p sec. cand.

π beam

https://journals.aps.org/prab/references/10.1103/PhysRevAccelBeams.22.061003
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ProtoDUNE-SP in the Future

Introduction to ProtoDUNE-SP

• Final state interactions (FSI) and secondary interactions (SI) 

systematic uncertainties present challenges for meas. like T2K’s 

oscillation analyses.

o Can tune and constrain these uncertainties with real data.

• Identifying secondary interactions and “vetoing” events to clean 

sample of events where Evis.!=Ehad. due to secondary interactions.

Common reweight software for FSI and SI: GENIERW and Geant4RW.

FSI and SI Examples:

• Tuning to world pion data (used by T2K)

• Exploring cascades with alternative models and data.

Final state interaction modeling 

uncertainties suggested for GENIE

using GENIERW. 

MFP=“Mean Free Path”

https://arxiv.org/pdf/2303.03222.pdf
https://genie-docdb.pp.rl.ac.uk/DocDB/0000/000002/003/man.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/16/08/P08042/pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.053006
https://genie-docdb.pp.rl.ac.uk/DocDB/0000/000002/003/man.pdf


5

What is Being Presented at NuSTEC
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• Work-in-progress analyses for 

ProtoDUNE-SP with focuses on the 

methods used to extract the cross 

sections.

o Richie Diurba: Unfolding two 

histograms to measure a K+-Ar total 

inelastic cross section 

o Jake Calcutt: Abs+CeX+Other π+-Ar 

total inelastic cross section using a 

likelihood fitter.

o Yinrui Liu: Multi-dimensional 

unfolding to be used for π+-Ar  total 

inelastic cross section.

• All talks emphasize how the 

measurements are made and what tools 

and pitfalls exist.

https://indico.cern.ch/event/1302529/contributions/5561235/
https://indico.cern.ch/event/1302529/contributions/5561235/
https://indico.cern.ch/event/1302529/contributions/5561236/
https://indico.cern.ch/event/1302529/contributions/5561238/
https://indico.cern.ch/event/1302529/contributions/5561238/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5

