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 Description and purpose of the study

Scope of the study:  direction of long baseline 
community in the future....

How LArTPCs fit into this picture
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● Off axis NuMI beam 
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NOvA at the 2nd maxima: ●alternating xy cells of liquid 
scintillator
●cells: 15.7m x 3.87cm x 6.0 
cm
●0.8mm looped WLS fiber in 
each cell for light collection
●WLS fibers read-out by APDs
●80% active material

●scale to 100kton
●detector at 735km
●5 year neutrino run

for 2nd detector location:

Still...signal/background make this option impossible....need LArTPCs











Detector options:
● modularized Water Cerenkov detector (100 kton units
● One large Water Cerenkov detector (UNO-like)
● Liquid Argon TPC

Underground
at DUSEL

●no overburden
●minimal overburden
(ie: 300ft drive 
in site at Homestake)
●up to ~4800 ft deep

Possibilities
at DUSEL
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Long Baseline Study: LAr

Simulation Studies:
●Scenarios

● Off axis NuMI beam at 14 mrad, 810 km
● at 40 mrad, 810km, and 200km
● Wide-band beam 

efficiencies and resolutions for signal and background

sensitivity studies 

Technical Issues:
●Depth vs background
●energy threshold for different channels

physics beyond accelerator neutrino oscillations 
●Technical feasibilty vs detector size
●R&D towards massive detectors

Costing B. T. Fleming, NuSAG 2006



Efficiencies, 
purities and 
resolutions 

from 
existing 
work...

Developing tools for refined sensitivity calculations...
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Sensitivity = 
detector mass x

detector efficiency x
protons on target/yr x

# of years

Assuming 90%  νe efficiency and NC 
background 

rejection well below ½ of the 
intrinsic νe beam backgrounds,

how sensitive are these detectors? 

Small Medium Large    

NOvA  30kTon            30kton + 30kton +
PD or     PD +

  x5 mass or exposure   x5 mass or exp.

LArTPC     8kton 40kton 40kton
(90% νe        + PD or
   eff.) exposure

“Equivalent” detectors

hep-ph/0505202

LArTPC at NOvA location......
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Sensitivity to CP phase(sin δ) vs sin22θ13 for

most restrictive:
cos δ <0, normal hierarchy

cos δ >0, inverted hierarchy  

least restrictive:
cos δ >0, normal hierarchy

cos δ <0, inverted hierarchy  

CHOOZ
limit

Sensitivities 
assume 
3 years 

running each 
in

ν and 
ν mode
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Long Baseline Study: LAr

Simulation Studies:
●Scenarios

● Off axis NuMI beam at 14 mrad, 810 km
● at 40 mrad, 810km, and 200km
● Wide-band beam 

efficiencies and resolutions for signal and background

sensitivity studies 

Technical Issues:
●Depth vs background
●energy threshold for different channels

physics beyond accelerator neutrino oscillations 
●Technical feasibilty vs detector size
●R&D towards massive detectors

Costing B. T. Fleming, NuSAG 2006

for 2nd osc max and wide-band
beam -> in progress



Long Baseline Study: LAr

Simulation Studies:
●Scenarios

● Off axis NuMI beam at 14 mrad, 810 km
● at 40 mrad, 810km, and 200km

● Wide-band beam 
efficiencies and resolutions for signal and background

sensitivity studies 

Technical Issues:
●Depth vs background
●energy threshold for different channels

physics beyond accelerator neutrino oscillations 
●Technical feasibilty vs detector size
●R&D to get to necessary sizes (brief)

Costing

S. Pordes: Surface
rates talk tomorrow



What is gained from going underground?
How far underground?

Cosmic backgrounds primarily from 
●crossing muons and decay products
●neutrons
●photons 

Effect on
●beam physics
●nucleon decay searches
●Atmospheric neutrinos
●Solar neutrinos
●Supernovae searches

What are the added challenges of going underground?
-underground construction

-how deep underground is deep?
-how large a cavern is needed?

-safety considerations
-how deep is deep?

-LAr spill containment
-cost......



 

●  

Many large LNG
tanks in service

one large
50-100 kton tank
with drift regions

“hung” inside



Is 50-100
 ktons 

the right 
size?

what do you gain?  
-phased construction
-reduction of systematics
-ease of engineering?

what do you lose?
-cost (pedestal cost)
-fiducial volume

Modularize: build
5 10-20 kton

detectors
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