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November 24, 2004
Prof. Kevin McFarland
Dept. of Physics & Astronomy
University of Rochester
Rochester   NY   14627
Dr. Jorge Morfin
Fermilab
MS 220
Dear Kevin and Jorge,


This letter is an amplification of the spring 2004 letter granting Stage I approval for the MINERvA experiment E-938.  


At the time of consideration, we agreed that Fermilab would undertake to provide the effort and support necessary to ensure the safe and proper installation of the experiment in the MINOS Near Detector Hall at Fermilab.  This would include the preliminary assembly of some of the apparatus above ground.  


In order to understand the scope of this commitment, you will recall that we conducted a small impact review with membership from three of the Fermilab Divisions.  Their preliminary conclusions suggested that the engineering had been underestimated in several areas but that taking that into account, the scope represented approximately $2M of effort with a small cost for materials and services.  


More recently, you have entered into further discussions with the Laboratory concerning some additional efforts that have been identified as potentially appropriate for further contributions from Fermilab, using existing capabilities.  In that context, and also given the progress made by the collaboration in developing its apparatus design, implementation plan, cost, and schedule, we now consider that a more complete review conducted by our Office of Project Management Oversight is appropriate.  We propose to establish a mutually agreeable timetable for this to happen, within the next six weeks or so.  Following the discussion of a draft charge in the past weeks, this could converge quite expeditiously.  


As implied by this letter, we are happy to be able to contribute to the mounting of MINERvA.  It is an experiment which promises an exciting extension of the physics enabled by the significant investment by the Department of Energy and the Laboratory in the NuMI beam.  


We hope that your proposals to NSF and DOE for broader support, for your collaborators and for the building of the detector for the experiment, meet with approval.  



Sincerely,



Michael Witherell

cc: 
P.K. Williams


M. Procario


J. Whitmore


K. Stanfield


H. Montgomery


S. Holmes


J. Appel


J. Strait


V. White


R. Dixon


R. Kephart
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April 15, 2004

Prof. Kevin McFarland

Dept. of Physics & Astronomy

University of Rochester

Rochester   NY  14627 

Dr. Jorge Morfin

Fermilab

MS 220

Dear Kevin and Jorge,


Thank you for your presentations to the Physics Advisory Committee (PAC).  The presentations were well received, and the PAC deliberated in considerable depth.  The PAC's written report is appended.


Following the recommendation of the PAC, I grant Stage I approval to MINERvA as proposed.



In addition to granting approval, I am accepting the advice of the PAC with respect to the scope of the experiment and its impact on Fermilab.  We will monitor your progress towards full funding, and we will consider the experiment ready for Stage II approval when we determine that the available funding is sufficient for the proposed scope of the experiment.  We also encourage further discussions between MINERvA and MINOS, to your mutual advantage.



Despite the cautionary words, we are very pleased that your experiment has met a rather high standard, and we very much hope that this approval can lead to the establishment of a soundly based funding plan.  If there is any way we can be of assistance in this, please let us know.




Sincerely,








Michael Witherell
Excerpt from April 2004 PAC Recommendations

P-938  MINERvA (McFarland/Morfin) Proposal to Perform a High-Statistics Neutrino Scattering Experiment Using a Fine-Grained Detector in the NuMI Beam


MINERvA proposes a program of neutrino physics in the NuMI beamline with a fine-grained detector located in front of the MINOS near detector.  The physics program is interesting, with contributions to the understanding of low-energy nuclear/particle physics as well as impact on the reduction of systematic errors on future neutrino oscillation experiments.  The collaboration has submitted an MRI proposal to NSF, which is currently being reviewed, and recently had their estimate of the impact of the experiment on Fermilab reviewed by a Laboratory committee. 



The PAC recommends Stage I approval for the experiment as proposed.  The detector cost is a concern, and the approval is based on the estimates presented.  Further approval of the experiment should depend on validation of these estimates, and the realization of a funding plan that limits the impact on the Fermilab budget.  Further work on understanding possible negative impacts on MINOS is also needed.

Contributions of MINERvA to Non-Oscillation Physics



Neutrino cross sections are not well known at low energies.  The collaboration provided the Committee with an addendum to the proposal with improved estimates of MINERvA’s capabilities.  The MINERvA program would increase existing statistics for many exclusive processes by factors of 10 or more.  These measurements are interesting both as ‘engineering’ inputs for neutrino oscillation experiments and in their own right.



Neutrino interactions are among the best ways to understand the axial-current component of weak interactions and MINERvA should be able to make definitive measurements of the axial form factor over a wide Q2 range.  The MINERvA program also includes studies of several exclusive channels on a light target and the A dependence of these channels.  These studies could shed new light on the transition from non-perturbative to perturbative QCD and on the dynamics of hadron production in nuclear matter.  They are complementary to the electroproduction measurements now being made at JLab.  Around 40% of the collaboration comes from the nuclear physics community specifically to make these measurements.

Contributions of MINERvA to Oscillation Physics



Through precision measurements of the major low-energy neutrino scattering processes, MINERvA can make major contributions to our understanding of the details of neutrino interactions in the 1-18 GeV energy range.  These detailed measurements will help minimize systematic errors from all neutrino oscillation experiments in the few GeV energy range.  The MINERvA collaboration provided simulation studies of the effects of improved understanding of neutrino cross sections on benchmark oscillation measurements.  For example, even for 7.4×1020 protons on target, the additional information from MINERvA should lower the MINOS systematic error on the neutrino mass difference.  As statistics improve, the reduction in error is larger.  For later neutrino experiments, the reduction in errors on Ue3 is equal or even more significant.

Impact on the Laboratory



A review of the impact of  MINERvA on the Laboratory took place prior to the PAC meeting.  MINERvA has requested that Fermilab contribute engineering, technical support, and materials for safety- and installation-related items.  Issues called out were the cost estimate, the thermal load in the cavern, and the potential impact on MINOS operations.  The MINERvA cost estimates were largely provided by the engineers who had done similar tasks for the MINOS installation.  The review committee suggested that the engineering estimates were low and that additional contingency should be added.  However, they did not feel the request was unreasonable.  Almost all of the Fermilab costs are for salaries of existing personnel with very little M&S. 



MINERvA is expected to add around 45 kW to the thermal load in the cavern.  The ground water in the sumps is used for cooling, and the current flow rate of 240 gal/min is significantly lower than the 300 gal/min anticipated.  There is already some concern about MINOS cooling at these decreased flow rates and the additional load from MINERvA needs to be considered carefully.  Estimates made in response to the review indicate that if MINERvA runs at increased inlet temperature and another heat exchanger is added at a cost of order 10-20K$, the increased heat load can be accommodated.

Impact of MINERvA on the MINOS Detector and Run Plan


MINERvA does not request changes in the MINOS run plan.


MINERvA can be installed during MINOS running, although issues such as crane operations near magnets and welding could lead to lowered MINOS operating efficiency if performed during MINERvA installation.


MINERvA will be located in front of the MINOS detector in the NuMI Near Hall.  MINERvA can either operate as a standalone detector with its own muon spectrometer at a wide range of locations in the hall or use MINOS as its muon spectrometer, in which case it must be located near the front of MINOS and some means of data sharing between the two experiments must be agreed upon.  If MINERvA is close to MINOS, there will be increased backgrounds in MINOS due to the additional material.  These could increase the existing backgrounds due to upstream neutrino interactions by 50-100%, leading to a maximal deadtime of 4-5% at low energy and up to 15% at high energy.  MINOS could study these effects with a test mass and/or through simulations.

Report on the Mini-Review of the Impact of MINERvA on Fermilab.

Monday, March 29, 2004

A Fermilab internal mini-review was conducted on Monday March 29, 2004 to assess the issues and impact of approval of the MINERvA experiment on Fermilab and on the MINOS experiment.  The committee membership, the charge to the committee, the review methodology, and the presentation agenda are included as Appendix I to this report.

Summary:

1. The committee did not identify any unusual safety issues.

2. The sense of the committee is that the Minerva collaboration has provided a fairly complete analysis of the resources they will require from Fermilab, but some omissions were noted.  We would estimate that when the analysis is more fully refined, that the base cost to Fermilab will likely increase by of order 40%, and that a contingency of 40% would be appropriate.  The proposed schedule is somewhat tight, which may lead to less than 4 years of running.

3. The sense of the committee is that the MINOS experiment will likely benefit from the information provided by Minerva, and that we do not anticipate any significant negative impact from either the installation or running of Minerva on the operation of MINOS.  Minerva intends to run parasitically to MINOS and make no independent beam requests.  It is likely that interactions in the Minerva apparatus will contribute a few percent additional deadtime to the MINOS near detector. 

4. There is an issue with the availability of cooling in the MINOS cavern.  The preliminary Minerva estimates assumed the nominal estimated rates of water flow into the cavern.  Recent measurements have shown that the actual flow rate is 240 gpm instead of the expected 300 gpm.  This new information was not available to Minerva during their preparations for this review.  The sense of the committee is this is not a major issue, but it will necessitate the additional cost of larger heat exchangers. 

Findings & Comments:

1. The Minerva collaboration has developed a detector design, which takes significant advantage of existing resources such as the Lab 5 extrusion facility, the existing and unused D0 TRIP chips.

2. The detector design is robust, and the changes which occur, as the design is refined are not likely to significantly affect the overall project cost or schedule. 

3. The impact of Minerva on Fermilab is primarily in the form of engineering, design, drafting, and technician support for a the installation of the experiment and for a list of Fermilab deliverables including support stands, rigging fixtures, power and cooling, front-end electronics, and computing support. 

4. The M&S component of the Fermilab effort is a very small fraction of the total cost to Fermilab.  The cost estimates were presented in a way that did not explicitly identify M&S costs.  At the committee's request, Jorge Morfin was able to quickly produce a more detailed cost spreadsheet, which broke out the M&S explicitly and confirmed the above conclusion.  This spreadsheet is attached as Appendix II.

5. The cost estimates are complete in that they identify all of the elements of effort required to mount the experiment.  However the committee felt that the engineering, design, and drafting, technician, and rigging requirements were systematically underestimated.  In addition, the design estimates do not include adequate time for preparing safety documentation, interfacing with review committees, load tests, or additional "outside" reviews (such as might be done by FESS.) 

6. The estimates of power and cooling requirements for the experiment are included as installation. This organization of the impact document fails to draw attention to the engineering, design, and drafting effort required for the experiment power, for the magnet coil, and for the cooling. 

7. The Minerva estimates of cooling impact are based on the nominal assumption that the water intrusion rate into the NUMI/MINOS excavation is 300 gal/min.  Recent measurements place this figure at 240gal/min.  This situation has impact on both MINOS and Minerva cooling.  Dave Pushka has provided some additional analysis of this new situation.  His conclusion is that the cooling be adequate for both experiments, but that Minerva may need to bear the cost of an additional heat exchanger. The cost of this is estimated to be in the $10K-$20K range.  Dave's report is attached as Appendix III. 

8. There doesn't appear to be a well-developed design for the magnet coils.  The coils are a significant driver of the cooling load of the experiment. Problems with the cooling design may lead to a reconsideration of the choices of the parameters of the magnet coil. 

9. The estimated engineering time for the development of the front-end board is light.  The estimates assume that the work will be done by the same D0 engineer who did the original D0 TRIP chip work.  If this person is not fully available, the effort will increase.  The estimate also does not explicitly include any effort for PCB layout or technician support. 

10. In the Minerva installation phase, there are some concerns about the occupancy limits of the cavern.  During MINOS installation, the limit is 25 people.  This reduces to 13 during MINOS running.  The Minerva plan assumes that the 25-person limit will be appropriate for Minerva installation.  This may present some scheduling challenges. 

11. Minerva installation will require some welding during MINOS running.  This is a potential technical challenge, but not insurmountable. 

12. Minerva anticipates a test beam run with a complete vertical slice of the detector.  The Meson Lab test beam is now operational, so the impact of a test run is minimal. 

13. The installation estimates do not appear to include cable trays. 

14. The Minerva collaboration will require some office space at Fermilab.  Office space for experimenters is a continuing problem for PPD.  It may not be possible to locate all Minerva collaborator offices in close proximity to the MINOS offices. 

15. The scope of this review is limited to the stated Fermilab deliverables. 

Recommendations: 

1. Expand the engineering request to include a project engineer responsible for overall coordination of the design, fabrication, and installation.

2. Reorganize the cost tables so that there is a clearly visible list of Fermilab deliverables with separate estimates of engineering, design, drafting, technician, and rigging labor required for each.

3. Separate M&S costs from labor costs and include a specific contingency for each item.

4. Include engineering effort for the design integration of the magnet coil. This effort should include optimization of conductor mass versus power consumption and the effect on the cooling system design.  It should also include an analysis of supply current versus number of turns and how this affects the details of the mechanical design.

5. Include engineering effort for the power and power distribution, racks and rack protection, cables and cable trays.

6. Include engineering effort for the cooling requirements of the experiment.

7. Include a timeline (a simplified project schedule) that is based on the resources requested and on the best estimate of funding availability.

APPENDIX I

	The committee:
	PAC Observers:

	          Mike Crisler (chair)
	          Jim Alexander

	          Kurt Krempetz
	          Jim Brau

	          Qizhong Li
	          Heidi Schellman

	          Bill Louis
	

	          Doug Moehs
	

	          Rich Stanek
	


The charge:

To understand at a significantly enhanced level, the issues and impact of approval of the MINERvA experiment. Areas of potential impact are:

· any safety issues

· cost to the laboratory: M&S cost, effort, interference with operations  (The funding goal is that the detector be funded primarily externally: NSF and DOE Universities and DOE Nuclear Physics.) The committee should consider the impact on all Divisions.  (It is anticipated that the experiment will seek help from the Laboratory for the physical mounting of the detector, engineering for this and safety related issues, etc.)

· impact on the operation and physics reach of the MINOS Near Detector (This needs cooperation of the MINOS management and collaboration.) Is there any benefit to MINOS of having the MINERvA results available?


Methodology:

Starting with an executive session at 10:00, moving to MINERvA (and possibly MINOS) presentations from 10:30 until a late lunch, and finishing by 4:00 in executive session - if needed, with questions to the experimenters and their answers during that afternoon session.


A written summary of conclusions and any open questions will be made for transmittal the Director and the PAC.


Agenda:


March 29, 2004, 10:00 am to 4:00 pm.  Black Hole.


Presentations per MINERvA
----------------------------------


Summary of Physics Goals
- Jorge Morfin
Detailed Description of Detector
- Kevin McFarland
Impact on the MINOS experiment
 - Stan Wojcicki
The MINOS near detector hall - what is there, what does MINOS need 
- Dave Pushka
What does MINERvA need? Impact on Fermilab 
- Peter Shanahan

APPENDIX II

From pushka@fnal.gov Wed Mar 31 18:14:22 2004
Date: Wed, 31 Mar 2004 15:50:44 -0600
From: Dave Pushka <pushka@fnal.gov>
To: Richard P. Stanek <rstanek@fnal.gov>, Peter Shanahan <shanahan@fnal.gov>,  Kurt J. Krempetz <krempetz@fnal.gov>, Michael B. Crisler <mike@fnal.gov>, Jorge_G_Morfin <morfin@fnal.gov>
Cc: Catherine C. James <cjames@fnal.gov>, Robert K. Plunkett <plunk@fnal.gov>
Subject: Minerva Cooling and its impact on NuMI/MINOS

Dear All,

Attached is a block diagram, which attempts to show how the sump water is used to cool MINOS, NuMI, and perhaps MINERvA.  The latest information from Lee Hammond (FESS engineering) is that the total inflow to the sump is only 235 gpm.

I have used 240 gpm in this schematic.


Earlier predictions of the inflow were 300, 325, and 350 gpm.  That is why the schematic shown on the NuMI outfitting drawings (SB&O) show 280 gpm as the inflow.


The key points to see from this schematic are:

1. There is no water available for the spare fan coil taps.  Therefore, heat given up to air by sources not already taken into account will cause the air temperature in the MINOS near detector hall to increase.  This may only be noticed in the long term, because in the short term, the rock will absorb some heat from the air.

2. An 80 kW addition heat load can be readily absorbed as shown on the schematic, but will mean that the object being cooled will reject heat to water system with inlet temperatures of 68 F and an outlet of 75 F.

3. Unless insulated from the air, the 75 F outlet water temperature will add heat to the air.  Unless insulation or other means are employed, the air temperature will increase.

4. An additional 80 kW heat load has little affect on the absorber and decay pipe cooling.

5. The temperatures shown on the schematic indicate that the heat exchanger for the MINERVA 80 kW load will need to be fairly large and expensive to be sure that the approach across the heat exchanger (and therefore the average temperature to the MINERVA loads) is kept as small as reasonably achievable.

6. In light of the reduced water flow and since MINOS has not operated the near detector or its electronics yet, the MINOS system may need some modifications to meet the temperature requirements set by the experiment.  Such changes will affect additional loads also.

7. Lastly, the careful reader will see that I omitted some detail present on the P&ID from the block diagram schematic to keep it simpler to read.

Dave
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