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Overview
• DUNE’s Physics Goals
• ProtoDUNE
• Measuring electron-ion recombination at ProtoDUNE



DUNE
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What we know in December 2022
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Far Detector – Site of Original 
Davis Experiment!

7th December Abbey Waldron15

Image: Brookhaven
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Why LAr: Nobel Elements
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• Transparent to their own scintillation light
• No electron attachment*, long drift distances



Why LAr: Transparent
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• Scintillation from decay of eximers
• Reverse process to absorb light requires two atoms in close proximity
• Argon unbound in ground state, atoms typically around 4 Å apart

Image: Ben Jones
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ProtoDUNE
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ProtoDUNE
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• Prototype for the first far detector module of DUNE
• Liquid argon TPC, active volume of 7.2 m x 6.1 m x 7.0 m and 

photon detection system
• Incorporates full-sized components designed for the far detector
• First physics run, mixed particle test beam with momenta in 

range 0.3 GeV/c to 7 GeV/c at CERN neutrino platform in 2018-
2019



ProtoDUNE Physics Goals
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• Improve pion and proton cross section measurements
• Enable development of liquid argon simulations before 

DUNE main physics running
• Measure electron-ion recombination in liquid argon 

crucial for neutrino energy reconstruction in DUNE



Recombination Measurement
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• Want to know energy deposited in our detectors to 
measure neutrino oscillation parameters

• What we actually measure is the charge read out 
from the electrons drifting to the anodes

• To do our physics we need to convert between the 
two -> recombination modelling!

• One of the main systematics for neutrino oscillation
measurements at DUNE
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ProtoDUNE Results
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Validation with MC
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Validation with MC
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Uncertainties
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dE/dx
- 0.5 cm from end point finding [we are working to reduce]

dQ/dx
- Statistical uncertainty from peak finding (varies by bin, small)
- Uniformity correction, drift direction (0.3% data, 0.3% MC)
- Uniformity correction, plane perpendicular to drift direction (1.5% 

data, 1.0% MC)
- Additional space charge systematic uncertainty (calculated, not 

included in these results)
- Additional systematic due to electric field non-uniformity 

(calculated, not included in these results)



Fit Results: Data
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Fit Results: Data
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Global Results Summary
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Fit Results: Data
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Summary
• DUNE will resolve the neutrino mass ordering, and 

measure 𝝳CP with CP-violation sensitivity over a broad 
range of parameter space

• DUNE will precisely measure θ13, θ23 and ∆m2
32, and 3-

flavor oscillations to test the 3-flavor paradigm

• DUNE has unique sensitivity to low-energy neutrinos 
from a galactic supernova burst

• ProtoDUNE provides a vital measurement for the energy 
reconstruction via electron-ion recombination

• A lot of exciting physics lies ahead!


