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What Do We (I?) Know About Efficiency
And Backgrounds in νe Appearance Studies

with a Large Liquid Argon Detector?

Kirk T. McDonald 

Princeton University
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The Allure of Large Liquid Argon Detectors

A Liquid Argon TPC is an “Electronic Bubble Chamber”.

Detailed tracking information ⇒ Superior particle identification (e/π0 separation,     
slow proton identification) ⇒ Well suited for νμ → νe charged-current studies.

Cost effective in large volumes.

Could operate with a magnetic field.

But, how well do we know the performance of LAr TPC for analysis of ~ 1 GeV neutrino 
interactions? [Efficiency for νen  → pe-X; Rejection of νμn(p)  → n(p)π0X]
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A. Rubbia (Sept. 2005)
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A. Rubbia (Sept. 2005)
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A. Rubbia (Sept. 2005)
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A. Curioni (Aug. 2006)
νen  → pe-X Efficiency ~ 90% 

Require Eproton > 50 MeV).

Rejection of νμn(p)  → n(p)π0X ~ 200:1
Reject whenever one or both γ more than 2 cm from primary vertex (100:1)
Require Eproton > 50 MeV (2:1)

[Predictions similar to those of Rubbia group.]
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Visual Scan of 450 Monte Carlo Events (2005)

ε = 81 ± 7 % for νe appeareance.

Rejection factor = 73 ± 31 for 
neutral current events with a 
π0.
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νe Charged Current Appearance Events with Clear Electron Showers
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νe Appearance Events with Poorly Developed Electron Showers
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νμ Charge Current Events with π0 → γγ Showers
That Fake an Electron Shower
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More νμ Charge Current Events with π0 → γγ Showers
That Fake an Electron Shower
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Can Computers Do Better than People?
C. Anderson (2006--)
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Present and Future Opportunities for Software Development
LAr TPC Hardware R&D Projects:

Argoneut
B0

Physics Experiments with LAr TPCs:
ICARUS
microBooNE
T2K 2km Near Detector

LAr TPC event reconstruction is likely beyond the scope of an R&D project.

US effort will likely focus on the microBooNE experiment at Fermilab.

The challenge is significant: no bubble chamber event reconstruction was every fully 
automated.


