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ArgoNeuT: A Liquid Argon Time Projection 
Chamber in a Low Energy Neutrino Beam
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Why Argon?

Expensive



-dE/dx
• Monte Carlo studies show that LArTPCs can identify 

electron/gamma tracks with >90% efficiency. 
• Extremely important for tagging       correctly       

NCPi0 event (background)

What’s so great about LArTPCs?

CCQE event (signal)

proton

electron

-Position resolution and topology
• Pixel size in ArgoNeuT= (4.0 x 4.0 x 0.3) mm3

-Low energy threshold
• Detection of particles with energy as low as 15 MeV.

νe

-Always live
-Appear scalable to kton-level

gammas
electrons

dE/dx



Overview of ArgoNeuT
• ArgoNeuT (NSF/DOE project) is the first Liquid Argon TPC 

(LArTPC) to go in a “low energy” neutrino beam (NuMI on-axis, 
peaking at ~3GeV). 

• We will see 10000s of (anti-)neutrino events in the 170L TPC.
• ArgoNeuT was filled with LAr on 5/8/2009

• Goals:
– Research and Design for future LArTPCs (MicroBooNE, long baseline 

neutrino oscillation, proton decay, …)
– Beautiful, bubble-chamber-like event displays
– Demonstrate particle ID (e.g. electron/gamma 
 separation) capabilities of LArTPCs with dE/dx 
– Physics… 



ArgoNeuT Collaboration
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ArgoNeuT
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ArgoNeuT TPC specs.
• ~170 L volume
• 4 mm wire spacing
• 480 channels (240 channels/plane)
• 2048 samples over 400   s (per spill)

– ArgoNeuT uses the beam as a trigger.

• ~50 cm drift distance
• ~500 V/cm field

µ



The trip underground
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Charged-Current, Quasi-Elastic (CCQE) events in ArgoNeuT

• Using dE/dx and LArTPC position/energy resolution, ArgoNeuT will be able to identify 
and separate (CCQE-like)  event-types with high efficiency.

~4600 CCQE events in 
180 days of running

(statistical errors only)

• CCQE is considered the “golden mode” for all accelerator-based 
      neutrino oscillation experiments.
• There are a few reasons for this:

– The cross section is comparatively high at low (0.5-5 GeV) energy.
– The events are simple. There are only two final-state particles with both 

particles easily identified and reconstructed.



Other physics with ArgoNeuT

Neutral current elastic (NCE) Charged current resonant (CCpi) Neutral current resonant (NCpi)



ArgoNeuT
Event Displays!

(preliminary)
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Take home
• ArgoNeuT is a R&D-oriented LArTPC that is currently 

taking data in the NuMI beamline at Fermilab.
– The detector will see 10000s of (anti-)neutrino events in a wide variety of 

channels.
– We will make a CCQE cross section measurement, among other physics.
– The LArTPC’s ability to image neutrino events with high resolution and 

tag with high efficiency (dE/dx) will be demonstrated. 

• MicroBooNE (170 ton) is an approved LArTPC-based 
experiment that will begin taking data in the BNB and 
NuMI off-axis beams in 2011-2012.
– Important physics and R&D!
– Not discussed in this talk.

  R&D on the road to CP violation,      , proton decay, … θ13


