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MOTIVATION

CP Violation in the neutrino sector, the indicator of a possible explanation for our matter dominated universe, may be associated with the last unknown mixing angle of the 3x3 PMNS matrix,  theta_13.  The next generation of long baseline neutrino oscillation experiments will be an order of magnitude more sensitive to theta_13 beyond existing measurements and, if non-zero, its associated CP violation parameter.  In particular, a NuMI Off-axis, long baseline experiment, or a  long-baseline, wide-band beam from Fermilab to DUSEL  will be ideal in pursuing this measurement beyond what the NOvA experiment will tell us. The T962 project is research and development towards using Liquid Argon TPC detectors for this program.

The mini-LArTPC will be exposed to the on-axis LE NuMI neutrino beam, a flux with energy range 0.1 to 10 GeV and peaking at 3 GeV. Only one other LArTPC, the 50 liter ICARUS prototype, has been exposed to a neutrino beam, albeit at much higher energies, the 24 GeV NOMAD neutrino beam.  This NuMI data set will be invaluable for a first look at low energy neutrino interactions, as a test of collecting a neutrino interaction data set, and in reconstruction and analysis studies.  The interest in the 50 liter data set from its run ~10 years ago is a good indicator for the interest levels for this LArTPC run.

What makes this test a crucial step beyond the 50 liter run is the increased size of the TPC and therefore larger, contained sample and the more relevant low energy beam for next generation neutrino oscillation studies.

Small scale TPC prototypes are presently under construction at Fermilab and Yale.  First cosmic ray tracks were recorded in the Yale TPC in April of 2007.  This is the first time tracks have ever been observed in a LArTPC in the US.  It is an important milestone that speaks to the success of future ventures, such as the T962 project described here.   T962 builds on the experience of the programs at FNAL and Yale.  It provides a large sample of actual neutrino interactions in a small TPC. As well, it tests long term running stability and underground operation of the detector and support systems.

PROJECT DESCRIPTION

The mini-LArTPC will sit just upstream of the MINOS near detector, using the MINOS detector as a range stack to measure uncontained long-track muons from muon neutrino interactions in the TPC.  The TPC, plumbing, electronics, and support equipment can fit on a support structure like that used for PEANUT which presently sits just upstream of the MINOS near detector.  As PEANUT operates without disturbing the MINOS experiment, it is anticipated that this experiment will do so as well.

The design of the TPC vessel is determined by maximizing the active volume within the total allowable volume of Liquid Argon.  The TPC dimensions are approximately 0.5m x 0.5 m x 1m.  It is housed in a cylindrical cryostat sitting on its side.  Signal feedthrough, purity monitor electronics and optical fiber, and support equipment are mounted on an upper flange coming out of the top of the vessel.  This configuration maximizes containment for forward events, the majority of the events in the detector.

The ~250 liter LArTPC active volume will see ~150 charged current muon neutrino interactions per day, with nominal intensity of the NuMI neutrino beam.  The exact length to radius of the cylinder is optimized to best contain protons and neutral pions from the neutrino interaction vertexes.  The average length of proton and pion tracks for 1-3 GeV neutrino interactions is approximately 10 cm and 10-20 cm respectively.  Neutral pions are harder to contain as they decay to gammas which then pair produce to signal a neutral pion.  Radiation length in Liquid Argon is 14 cm, making this detector less efficient for containing neutral pions.  Nevertheless, with so many events in the detector, sizable event samples are expected.

CRYOGENC SYSTEM
The T962 TPC, or time projection chamber, is inside a ~550 L liquid argon vacuum insulated cryostat. The cryostat has a 18” diameter neck that serves as a means of access into the cryostat and a route for the signal cables to the TPC, cryogenic piping connections, relief device port, purity monitor pressure and level instrumentation.  The cryostat has a fill port on the neck and an internal 350 W electric heater below the TPC. The cryostat heater allows a means of emptying the cryostat and boiling liquid argon so that it can circulate through a filter system described below.
An unusual feature of this cryostat is on one end of the cylindrical shell, both the inner vessel and vacuum jacket are flanged.  The flanges permit the insertion and removal of the TPC into and from the 36 inch diameter inner vessel.  On one side of the cryostat there is a 6” inner vessel flange and a larger vacuum jacket flange allowing additional access for connections to the TPC.  The two inner vessel flanges and 18 inch top flange have double metal Helicoflex seals suitable for cryogenic temperatures.
The cryostat cooling is supplied by a Cryomech 300 W cryo-refrigerator, or as it is often called a cryocooler.  The working fluid of the cryocooler is helium.  Flexible hoses, 30 ft long connect the cryocooler to a water cooled  compressor.  The cryocooler is mounted on a unistrut frame about 10 feet above the top flange of the cryostat.  A Fermilab made copper heat exchanger, the condenser,  is bolted to the bottom of the cryocooler.  Argon vapor from the cryostat is brought up to the condenser in a vacuum insulated cryogenic pipe line (actually tube).  The vapor turns into liquid argon on the surface of the condenser heat exchanger.  The liquid argon under the force of gravity returns to the cryostat.  
Argon purity is very important for T962.
