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Introduction

¢ Liquid Argon Time Projection Chambers (LArTPCs) are imaging
detectors that offer exceptional capabilities for studying neutrinos.

o[ will give a brief overview of recent LArTPC activities in the U.S.,
focusing on the ArgoNeuT and MicroBooNE experiments at Fermilab.

® These near-term activities are helping to bring the LArTPC technology

to maturity for use in future long-baseline and short-baseline programs.
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Liquid Argon Neutrino Detectors
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Neutrino Interaction in ArgoNeul
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ArgoNeuT

I, ArgoNeul

o LArTPC operated in Fermilab’s NuMI neutrino beam.
e Located upstream of MINOS near detector, which provides muon reconstruction and sign selection.

e Collected 1.35x10%° Protons on Target (POT).
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ArgoNeuT in the NuMI Tunnel

ooNeuT detector in the NuMI low-enerQy beam line at Fermilab, C. Anderson et al., JINST 7 P10019, Oct. 2012, arXiv:1205.6747




ArgoNeuT
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ArgoNeuT: Physics

¢ “Standard candle” measure of inclusive charged-current cross-sections have been
performed using both antineutrinos and neutrinos. First time ever on argon target.
® Helps establish performance of our evolving reconstruction tools.
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1.) Measurements of Inclusive Muon Neutrino and Antineutrino Charged Current Differential Cross Sections on Argon in the NuMI Antineutrino Beam, R. Acciarri et al, Phys. Rev. D 89, 112003 (2014)




ArgoNeuT

. ArgoNeuT: Physics

¢ “Standard candle” measure of inclusive charged-current cross-sections have been
performed using both antineutrinos and neutrinos. First time ever on argon target.
® Helps establish performance of our evolving reconstruction tools.
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1.) Measurements of Inclusive Muon Neutrino and Antineutrino Charged Current Differential Cross Sections on Argon in the NuMI Antineutrino Beam, R. Acciarri et al, Phys. Rev. D 89, 112003 (2014)




ArgoNeuT: Physics

Multiplicity of protons in charged-current
events with 0 pions in final state can help
tune nuclear modeling.
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1.) The detection of back-to-back proton pairs in Charged-Current neutrino interactions with the ArgoNeuT detector in the NuMI low energy beam line, R. Acciarri et al, Phys. Rev. D 90, 012008 (2014)
2.) First Measurement of Neutrino and Antineutrino Coherent Charged Pion Production on Argon, R. Acciarri et al, paper in progress



Multiplicity of protons in charged-current
events with 0 pions in final state can help
tune nuclear modeling.
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ArgoNeuT: Physics

Multiplicity of protons in charged-current
events with 0 pions in final state can help
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1.) The detection of back-to-back proton pairs in Charged-Current neutrino interactions with the ArgoNeuT detector in the NuMI low energy beam line, R. Acciarri et al, Phys. Rev. D 90, 012008 (2014)

2.) First Measurement of Neutrino and Antineutrino Coherent Charged Pion Production on Argon, R. Acciarri et al, paper in progress



ArgoNeuT

. ArgoNeuT: Physics

® Particle ID of electrons vs. photons relies on ability to see displaced
vertices, and to reconstruct energy at beginning of shower.

® ArgoNeuT is developing this technique using a small data sample.
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ArgoNeuT

. ArgoNeuT: Physics

® Excellent resolution allows direct measurement of Hyperon production
In neutrino interactions.

® Due to ArgoNeuT’s small size, statistics are very limited and
containment is a problem, but several candidates are observed.

v, [T




The MicroBooNE Experiment

® MicroBooNE will operate in the Booster neutrino beam at Fermilab.

e Combines physics with hardware R&D necessary for the evolution of LArTPCs.
»MiniBooNE low-energy excess
» Low-Energy (<1 GeV) neutrino cross-sections
» Cold Electronics (preamplifiers in liquid)
» Long drift (2.5m)
» Purity without evacuation.
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MicroBooNE Installation
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MicroBooNE: Physics

® Address the “low energy excess” seen by the MiniBooNE experiment.
»MiniBooNE is a Cerenkov detector that looks for v. appearance from a beam of v,
» Does MicroBooNE confirm the excess?
»If confirmed, is the excess due to an electron-like or gamma-like process?
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1.) Unexplained Excess of Electron-Like Events From a 1-GeV Neutrino Beam MiniBooNE Collaboration, Phys. Rev. Lett. 102, 101802 (2009)

2.) Improved Search for v_u — v'e Oscillations in the MiniBooNE Experiment MiniBooNE Collaboration, Phys. Rev. Lett. 110, 161801 (2013)




MicroBooNE: Physics

e Prove effectiveness of electron/gamma separation technique (e.g. - using dE/dX information), and
exploit to characterize any observed MiniBooNE-like “low-E” excess signals.

e Low Energy Neutrino Cross-Section Measurements: CCQE, NC 71t°, A—=Ny, etc...
e Study backgrounds relevant for Proton Decay searches in larger detectors (e.g. - Kaon production),

and develop SuperNova analysis capabilities.
e Probe the Strange Quark content of Proton.

¢ Continue development of automated reconstruction (building on ArgoNeuT’s effort).
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Conclusions

® L ArTPCs are powertful detectors for studying neutrinos.

® Tremendous ongoing progress in development of LArTPC technology,
driven by “small” efforts like ArgoNeuT and MicroBooNE.

® Next few years should be very exciting as MicroBooNE come online.

® [nformed by these ongoing activities, future massive (~kiloTon)
LArTPCs offer potential for discovering CP-violation in neutrino sector,

and short-baseline experiments will search for sterile neutrinos.
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Why Noble Liquids for Neutrinos?

e Abundant ionization electrons and scintillation light can both be used for detection.
e If liquids are highly purified (<0.1ppb), ionization can be drifted over long distances.
e Excellent dielectric properties accommodate very large voltages.
e Noble liquids are dense, so they make a good target for neutrinos.
® Argon is relatively cheap and easy to obtain (1% of atmosphere).
® Drawbacks?...no free protons...nuclear effects.
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I ArgoNeuT: Physics
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o First Results: Using 2 weeks of neutrino-mode data (8.5x10'8 POT),
the differential cross-section for inclusive charged-current muon
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MicroBooNE: TPPC Detector
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