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22. Detail Attachments

c) Purpose

i)  Develop the technology to track particles with fractional millimeter spatial         resolution, in three-dimensional space, using the “Time Projection Chamber” technique in noble liquids.

ii) Develop applications of this tracking technology, focusing on low energy neutrino interactions, and specifically on the low energy solar neutrinos from reactions that dominate energy production in the sun but have never been observed in a real-time experiment.

iii) Perform measurements in an existing 0.1m cryostat suitable for noble liquids all noble liquids down to 2K, to enable development of practical readout techniques.

iv) Pursue engineering studies for a cubic meter class detector that serves as an engineering prototype for studying the readout issues in all noble liquids, and will give adequate rate, when filled with liquid neon, to measure with moderate accuracy the neutrinos from the proton-proton fusion reaction in the sun. 

This work effort may support at a minimum level or concurrently, as appropriate, the Technology Transfer and Science Education missions of the Department of Energy.

d) Approach

Scientific Focus of the Detector Development

The first measurements in our small test cryostat have progress far enough that we are able to formulate scientific goals and specify technical approaches that seem feasible to develop.  Our goal is to achieve the first measurements of the low energy neutrinos from the reaction that dominates energy production in the sun, the pp reaction.  This has been a challenging task for many years, since although the rate is relatively large due to the large number of neutrinos, the energy of the neutrinos is very low, averaging about 200KeV, and a very special detector is required to register the electrons scattered by the neutrinos in the detector medium.  Very low backgrounds must be achieved in an energy region where many electrons are usually found due to Compton scattering of background photons.  We address these problems by the high performance of our detector for low energy electrons, and the extrordinary purity of the cryogenic liquids neon and helium.
Tracking in Three Dimensions

Our aim is to observe particle tracks with fractional millimeter spatial resolution, in three-dimensional space.  A track may be as long as the scale of the detector, meters, or as short as one resolution element, if the range given by energy loss in the medium is of that order.  The physical limit to the precision of this measurement is set by diffusion.

The “Time Projection” technique (maybe condense a bit)

In an electric field the charge moves with a constant velocity, or “drifts.”  Tracks in the volume move bodily along the field, finally arriving at a “readout plane” where the charge is measure at each point, or pixel, as a function of time.  This technique reduces the three-dimensional tracking problem to a two-dimensional problem.  The drift time is used to store the signals, so that the readout is serialized. The low particle flux in the underground laboratory allows the drift time to be long. This reduces the bandwidth of the system; reducing cost and power dissipation. 
The track can be distorted by macroscopic motion of the liquid.  This motion is often dominated by convection caused by thermal gradients.  We have made simulations of this effect, and find that it can be largely suppressed by establishing a thermal gradient aligned with the direction of gravity.

The Readout Plane

We have been studying several options for the readout of the charge when it arrives at the readout plane.  The performance of this detector component is likely to have the greatest influence on both cost and performance of the system.  To this end, we have been doing R&D at BNL, Columbia and Novosibirsk with liquid helium/neon prototype at the 0.1m scale.  Our first aim was to find a method of amplifying the charge on the track, in order to reach the lowest possible electron energies, and we chose the technique of Gas Electron Multipliers (GEM) pioneered by Sauli as a promising avenue to try.  We have found that a mixture of Neon vapor with a fraction of a per cent of hydrogen gives large gain with the standard GEM planes available from CERN.  We used three GEM planes in series, the most commonly used configuration.  It is far from evident that these devices will perform at temperatures of 2-30K in the same way that they do at room temperature, but in fact we observe gain in helium below 3K and much larger gain where a molecular gas can be added, as in neon vapor.  
Inspired by these results, we are focusing our current plans on this readout option, though we are actively considering a number of other options.  Many measurements in our small cryostat are needed to validate this option.  For example, the neutrino interactions take place in the liquid, which has a high density, but the GEM operates in the vapor phase, with a relatively low density.

The ionization electrons pass through the liquid-vapor interface and enter the GEM, which is immediately above it.  The process of transition has been studied in past years by low-temperature physicists, but we need to extend such measurements to the conditions appropriate to our detector.
