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Charge:

Liquid Argon TPCs show promise as scalable devices for the large detectors needed for long-baseline neutrino oscillation physics.  Over the last several years a staged approach to developing the technology for large detectors has been developed.  A specific plan with the ~200 ton MicroBooNE detector and the ~5000 ton LAr5 detector as the key elements emerged with the presentations of these detectors to the Fermilab Physics Advisory Committee.

Please evaluate this specific approach as a path to a ~100 kton LAr TPC detector mass.  In particular, are the proposed R&D programs, in the context of other initiatives worldwide, effective steps towards large detectors?
Review presentations:

The committee heard presentations from proponents on the morning of June 3, 2008.  The agenda, link to talks, and links to supporting documents can be found at the following web site:

http://www.fnal.gov/directorate/program_planning/LArReviewJune2008/Dirs_LAr_TPC_Rev.html
Findings:

The proponents are to be commended for significant progress in assembling a materials test dewar, Ar purification and monitoring systems, two small LAr TPC’s, etc. and for completing a variety of smaller scale R&D activities. 

The proponents presented plans for a series of additional R&D activities ranging from small prototypes and materials studies through intermediate scale detector and electronics (MicroBoone) leading to a 5 KT detector at Soudan with physics reach comparable to NovA and that would serve as a engineering prototypes for an eventual 100 KT LAr detector. 
The plan for developing LAr electronics as presented seems well motivated and achievable.

The committee finds that the plan to study neutrino interactions in the ArgoNeut detector is well motivated and likely to contribute to the understanding of both neutrino cross sections and feasibility of future large LAr detectors in particular information gained about reconstruction techniques, efficiencies, etc. should be particularly valuable. 

The committee notes that that MicroBooNE program is driven both by Physics and R&D goals. For reasons of expediency and cost the LAr vessel construction and electronics readout envisioned for MicroBooNE would not be the same as one would use on a larger scale detector.  If one removes the physics motivation, it is not obvious that MicroBooNE is the optimal engineering step if the goal is to head towards a 100 KT detector as soon as possible. That said, the committee does feel that a large scale demonstration of a scalable LAr TPC in a neutrino beam that demonstrates stable operation and good physics capability is a key ingredient for success of any future 100 KT LAr proposal. MicroBooNE will test some features of the planned larger detector, and as a result, the committee expects that much will be learned about a 100 KT detector if MicroBooNE is constructed.
The committee finds that the overall LAr TPC R&D program as presented to be well motivated and effective in the near term. We recommend that the proponents be supported to proceed. 
The proposed R&D plan, while necessary, is insufficient as a plan to prepare for an eventual 100 KT LAr detector. The program would need to be substantially enhanced with strong engineering support.

Comments/Concerns:

1) The civil engineering design for the underground enclosure at DUSEL and the LAr vessel design and modularity are closely related and should be studied as a whole.  These studies may lead to modified designs with issues that should be explored in during the R&D phase.

2) Construction of 10 KT modules each 15 M x 15 M x 50 M deep underground at DUSEL (4850 ft) as described requires welded assembly of the vessel from kit made up of thousands of plates sized to fit in the existing elevator. There will be important cost and schedule implications due to this constraint. This requires serious engineering study, and practical experience, etc.   Alternative assembly techniques or modified methods of access to DUSEL may result in changes to the basic detector design. Assembly at depth of the entire detector represents a huge construction activity, all at depth. We were not presented with a plan for carrying out more general engineering studies of these issues. This seems to a necessary part of any program leading to 100 KT scale detector.  
3) Safety for such a large LAr vessel will be an important consideration if located at depth in DUSEL or Soudan, we did not hear a plan for engineering to be performed in this area. 
4) More refined cost scaling studies will be a necessary part of demonstrating feasibility of a 100 KT detector and should be part of the proposed program
5) The team currently engaged in this work is capable but too small for the planned activities. To achieve the stated goals the workforce will have to be expanded considerably, especially in the area of engineering support.

6) It seems the 5 KT detector at Soudan is driven by physics considerations while a smaller module located elsewhere might achieve all the engineering goals regardless of location.  Once LAr5 becomes driven by physics its design may drift away from that optimal to demonstrate techniques for an eventual 100 KT detector at DUSEL. 

Recommendations:
In general the committee finds that the overall program is effective in the near term. 
1) We find the proposed R&D program to be well motivated and recommend that the program be supported to proceed. 

2) The Laboratory/proponents need to examine the goals of MicroBooNE and understand clearly what it realistically will and will not contribute to preparations for an eventual 100 KT LAr detector.  The goal should be to insure that the areas not covered by MicroBooNE are covered elsewhere in the planned program.
3) While necessary, the proposed R&D plan is insufficient as a plan to prepare for an eventual 100 KT LAr detector. The program needs to be substantially enhanced with strong engineering support. These studies may lead to other conclusions about the next steps on the way to a 100 KT detector.
a. Create a plan and propose engineering resources to explore the cryogenics design of the LAr Vessel
b. Propose a plan and estimate engineering resources to explore civil engineering-LAr vessel design tradeoffs

c. Propose a plan for engineering resources to further explore safety and cost issues for a 100 KT detector.

