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Executive Summary

Technical

The MINERvA experiment has received Stage I approval from the Director of Fermilab following a recommendation by the Fermilab Physics Advisory Committee.  An appropriate design for this neutrino detector was presented by members of the MINERvA Collaboration.  The design provides a fine grained neutrino detector based on a combination of technologies already demonstrated by one or more prior detectors.  Some modifications or extensions of these standard technologies are proposed, but these are thought to be achievable based on the existing or planned R&D and prototyping program.  The proposed design is reasonable and seems well suited to meet the physics requirements for the experiment. However, the presentations included some, but not all, simulations studies needed to adequately demonstrate that the proposed detector quantitatively meets the physics requirements.  The committee encourages the collaboration as it moves forward to devote additional effort to demonstrating the physics capability of the detector design and its optimization as a function of cost.  The proposed design does provide a scope that is well defined and has no remaining technology choices.

Cost

This experiment is largely university based.  A proposal has been developed for funding for the nine key university participants to design and fabricate much of the detector.  The proposal requests $6.9M (including contingency) has been submitted to the nuclear and high energy / elementary particle physics programs of both the National Science Foundation (NSF) and the Department of Energy (DOE).  Fermilab support and funding for safety, infrastructure, installation, the coil design and fabrication, and other selected areas of about $2.6M (including contingency) is requested.

Rather detailed cost estimates supporting these requests were presented at Work Breakdown Structure (WBS) Level 2.  These cost estimates and the associated contingencies appeared reasonable.  However, without a detailed WBS and resource loaded schedule it was difficult to roll up the estimate from the lowest levels to higher levels and to the total funding requests.  A detailed WBS and resource loaded schedule should be developed over the next few months.  At our request, MINERvA came back the second morning and showed evidence that at least two of the level 2 items do roll up.

Schedule

The schedule assumes a June 2005 start, a two year construction period and a completion date of June 2007.

A Microsoft Project schedule corresponding to a WBS level 3 was presented.  The critical path and near critical paths were identified and discussed.  Possible methods of accelerating the most critical items were mentioned.

The schedule has not yet been resource loaded.  To help examine “what if” funding scenarios in the near term and to manage the project in the longer term, a more complete WBS and a resource loaded schedule should be developed.

Management

No specific management arrangements were proposed.  The Fermilab Directorate is rather flexible about what might be put in place as long as it is defined..  However, given the strong university aspect of the Collaboration, a strong university role in the management seems desirable.  It is noted that university personnel who will be leading subproject efforts gave many of the presentations.

The development by the Collaboration of a Draft Project Management Plan might help in further discussions of possible management arrangements.  The plan might address the following types of items:  project organization, safety and a commitment to meet laboratory and university safety requirements, change control for cost (contingency) and schedule management, and a Fermilab Project Management Group (PMG) in a project oversight role.

1.0 Introduction

A Director’s Preliminary Review of the proposed MINERvA Project was held on January 10-11, 2005.  The areas assessed were Technical, Cost, Schedule and Management.  The Review Committee’s assessment of the preparedness of the MINERvA collaboration for implementing the MINERvA Project is documented in the body of this report.  Reference materials are contained the Appendices.  The Cost and Contingency estimate by the project is shown in Appendix A.  The Charge for this review is shown in Appendix B.  The review was conducted per the agenda shown in Appendix C.  The members of the Review Committee and their assignments are listed in Appendix D and a list of Review Participants is given in Appendix E.  Appendix F is a table that contains all the recommendations contained in the body of this report.

2.0 Technical

2.1 Science

MINERvA Physics

The MINERvA experiment proposes to study neutrino cross sections in the few GeV energy range with substantially higher precision than previous studies. This represents the realization of an opportunity afforded by the unprecedented neutrino flux associated with the NuMI beam developed for the MINOS neutrino oscillation study. The goal detector/target apparatus is to combine good detection efficiency with precise kinematic reconstruction over a wide range of physics processes and associated kinematic conditions. In particular, the incident neutrino energies range roughly from 3-30 GeV. Thus MINERvA should be viewed as a general purpose detector with a broad range of goals and capabilities, and the experimental design may not necessarily optimized for each single process. In general, MINERvA should have the capability to cover as much of the potential physics as possible in order to provide a high quality database of neutrino interactions with nucleons and nuclei. 

Nevertheless, it is also important to establish the basic requirements to reach the goals of the project. Different physical processes at different kinematics will drive different aspects of the detector technical design. Therefore, the various basic detector parameters need to be quantitatively justified based on the impact on these various physics processes and MINERvA’s capability to study them with the desired precision. 

Findings

· Some basic requirements were presented by the collaboration based on their studies of various physics events:

· E~15% @ ~1 GeV to enable selection of quasi-elastic events for study of the low energy rise in this cross section and the coherent production cross section

· E~10% to apply coherent cross sections to e appearance background studies

· E~15% to cleanly indentify the low t coherent pion production

· z~1 cm to observe decay and to isolate vertices within nuclear targets 

· t~3 ns to observe the associated K+ decay

· y~0.15 near y~1 for studies of deep inelastic scattering and determination of F3
· at low Q2<1 for shadowing studies

· x<0.15 at high x  t for nuclear effects studies and high-x parton distribution functions

· The design goals of MINERvA include meeting these important requirements. Detailed analysis to demonstrate that these goals are met by the detector design were presented for some but not all requirements.

· Overall optimization of the detector design was discussed briefly. The overall containment of events in the central detector require several tons of live material, so the total size of ~6T with a ~3T fiducial region was chosen. The proposed granularity implies ~31000 channels, with a rough marginal cost of ~$110 per channel. Each module (4 scintillator planes plus OD frame, 49 total) represents a cost of ~$0.11M. The thickness of steel in the OD is determined by the requirement that hadronic energy from high Q2 quasi-elastic events be >80% contained (to keep energy fluctuations below 10%). 

Comments

· The detector requirements presented seemed to be reasonable and achievable goals. However,

· the impact on the associated physics processes of relaxing these requirements was not clear to the committee,

· the ability of the detector to achieve all these specifications was not demonstrated.

· Regarding the optimization of the detector parameters:

· the overall size of the inner detector seems quite appropriate for achieving event containment and high efficiency,

· the specific choice granularity and total number of readout channels was not quantitatively justified

· the thickness of the outer detector seems to be a reasonable choice for containment of hadronic energy throughout the range of neutrino energies available at NuMI.

· Nevertheless, the overall choices of these detector parameters is judged to be roughly correct at the ~ factor of 2 level. 

Recommendations

1. The detector resolutions required by all the various physics processes should be justified by simulation and graphical presentation, and summarized in tabular form. For each important process (i.e., QE scattering, coherent  production, DIS), the required performance in each detector parameter (i.e., EEh , z, etc) should be assessed.

2. The performance of the detector for each of these parameters should be demonstrated by simulation and summarized in graphical form.

3. Reasonable variations in these parameters should be explored and studied for optimization of physics and cost.

2.2 Scintillator – Extrusion, Fibers and Packaging

Principle institutions are Rochester, NIU, FNAL, William and Mary, and Hampton.  Costs for these systems are estimated around $4M including M&S, SWF, and contingencies which range from 25-50%.

Findings

· Active core of 5.87 tons  segmented solid scintillator for

· Tracking

· PID

· Timing

· Core is surrounded by EM and hadron calorimetry

· There is wide angle muon coverage and magnetization for charge identification.

· Basic elements are  1.7x3.3 cm triangular strips 1.2mm WLS fiber readout in center hole, mirrored on one end.  DDK designed  connector to clear fiber into PMT box.  Optical  connector is glued to PMT cookie.  Rectangular strips will be used in the calorimeters.

· Physics requirements stated include:  8 PE/plane &  3mm position resolution 

· FNAL-developed  extruder technology as used in MINOS,K2K,DO , STAR.  Will include a Co-extruded TiO2 coating, not yet demonstrated for the MINERVA bars.  90 days of production after R&D

· Lots of fiber:

· 57KM clear fiber ala CMS

· 119KM of WLS fiber

· Ends mirrored in Lab 7 as in  several prior detectors (CDF, FOCUS, STAR, CMS, and D0)

· DDK design connector between WLS and clear fibers.  

· SCINTILLTOR PLANE ASSEMBLY (W&M, Hampton)

· The tasks are a mix of procurement, shop time, and technical labor.  

· Assembly of light-tight scintillator units for the inner and outer assemblies.

· Costs were presented  to L3 and below include contingency at L3 along with work plans that divide the work amongst the institutions.

Comments

· MINERVA makes very good use of existing  expertise.

· VST (vertical slice test) efforts are  good and should continue.  More work on light yield which seems low based on experience with MINOS and D0.  Try glue in the hole.

· QC test stations must be properly planned and budgeted.

· Factories work well with undergrads, techs, but take a long time to set up.  Recheck your contingencies.

· MINERvA is thinking safety early as was evident in their presentations.  

· Single vendors in a few places, but they are  good vendors

· Modules/planes seem to be somewhat more complicated (fragile?) than those for MINOS

· BOE developed well for this stage.

· Generally schedules for production seem OK, startup schedules should be rechecked.

Recommendations
1. Continue with the vertical slice test (VST) program.

2. Try to get more light out, maybe including glue the fibers.

3. Consider full-scale prototype of webbing modules.

4. Reassess contingency which may be low on factory set up (both cost and schedule).

5. Understand Connector R&D lead times better.

We support your attempt to start the final extrusion R&D (including co-extrusion) ASAP. 

2.3 Electronics and DAQ

$1M Project 

Irvine, Fermilab, Pittsburgh

Findings

· The basic design is complete.  The MINERvA electronics and DAQ designs are based on a great deal of existing (and tested) technology: TriP and RMCC chips, LVDS drivers, etc. and this has given the collaboration a running start.

· The prototype front-end board tests are very encouraging and have shown their versatility in the vertical slice tests.

· HV for PMTs has been tested and control will be based on existing ASIC.

· The DAQ and slow control system requirements are well understood.

· Power requirements (and rack space) are modest.

· For this point in the project, the cost estimate is in good shape.

· There are no outstanding electrical safety issues.

Comments

· The electronics performance specifications are well developed.

· The MINERvA collaboration should be commended on their very effective utilization of existing technology.

· The prototype studies are very impressive and most front-end specifications have been met.

· The schedule is credible, but there is considerable schedule risk due to possible limitations regarding some specific manpower availability: electrical engineering design and firmware development.

Recommendations

1. Coordinate closely with PPD/EED department on the availability of electrical engineering resources given the potential conflict with other programs.

2. Investigate with PPD/EED the possibility of using a newly developed VME LVDS receiver board.

3. Consider a dual-ring for LVDS chain in order to create a more robust system.  The cost impact may be quite small.

4. The availability of the final front-end boards for initial PMT testing presents some risk.  An alternate approach should be in place.

5. Electronics cooling issues in the hall need to be fully understood.

6. Coordinate with the MINOS collaboration to fully understand and specify the DAQ interface and data sharing protocols between MINOS and MINERvA.

2.4 Absorbers – Nuclear Targets, Frame, Veto and Module


Production


Frame

Findings

· Hexagonal steel frames are used as the support mechanism for the active scintillator elements and as the outer magnetized iron of the detector.  The frames are made of 1.5” thick steel and are being designed by an engineer at Rochester, fabricated through Rutgers/Rochester and assembled at Fermilab.  There are 2 frames per module and 49 total modules (30 fully active, 9 nuclear targets and 10 downstream calorimeters).

Comments

· The cost of steel is one area of concern with regards to the cost estimate.  The cost estimate includes additional contingency to cover some price fluctuation.

· The choice of flame cutting the slots in the trapezoidal plates is driven by cost.  Care should be taken so that the end product is free of burrs or surface imperfections that could damage the scintillator.

· The lead plates that make up part of the nuclear targets may represent some unique challenges in terms of safe handling.

Recommendations


1. Assure that the final design drawings are reviewed and signed off by Fermilab personnel to minimize the risk of design mismatch.  Final drawings should be sent to Fermilab for storage in a local CAD system.

2. When the design of the frames is complete a detailed assembly procedure should be written that includes the QC checks that will be performed.  An engineering note must be written that becomes part of the safety documentation for the project.  Loading considerations should include any live loads that may be incurred during shipping and handling.

3. A magnetostatic analysis of the steel needs to be performed to quantify that the desired field is achieved, magnetic forces are reasonable and fringe fields are acceptable. 

Assembly

Finding

· A detailed Time-Motion study was presented for module assembly.  The estimates incorporated the “as-realized” hours from the MINOS assembly process. 

Comment

· The cost and time estimates for module production seem reasonable. Including factors for sick leave/vacation, staging and production hours/day lends credibility to the estimates.  The applicability of the MINOS experience is clearly evident, however, differences in the way fibers are routed may lead to some additional concerns.

· Since the workflow is established with final assembly at Fermilab, the risk of an individual component delay leading to a “standing army” occurrence is present.  Rochester technicians are planned to participate in the assembly process with Fermilab technicians and welders also being involved.

Recommendation

4. Investigate ways to perform the final assembly and plan the process so as to minimize the risk of component delays leading to escalating costs.  University involvement in this step of the process will help to alleviate this concern.

Detector Stand

Finding

· A detailed detector stand structure design was not presented, although it is viewed as a simpler version of the MINOS structure.  Tasks exist in the cost estimate for design and fabrication of the stand ($124K + 40% contingency).

Comments

· The detector support structure does not present any unique challenges.  Given the experience with building the MINOS support, the design and fabrication of this support structure is certainly viable.  Since the costs are scaled from that experience they are thought to be adequate. 

· The implications of building this frame on the operations of MINOS should be quantified.  The experiment has already done a good job of identifying the possible interferences.  This applies to items like electrical noise, hall occupation limits, crane usage as well as other safety considerations.

Recommendation

5. As the project moves forward, develop a design specification for the detector stand that includes all mechanical and electrical parameters and load tests that are required.

Safety

Finding

· The collaboration demonstrated that it was fully aware of the need to incorporate safety requirements into the design and production processes.  Activities appear in the cost estimate for work associated with the safety process.  

Comment

· Relying on the MINOS experience to guide the design and fabrication plans is beneficial.  The MINERvA detector frame and module assembly process does not represent any new or unique “major” challenges that were not already addressed in MINOS.  

Recommendation

6. As the project moves forward, formalize the design and safety review process that incorporates early involvement of Fermilab staff (including the Lab’s Safety Review Panel) in the approval process.  This will minimize the risk of design mismatches and provide a smoother transition through the Operational Readiness Clearance process and the final sign-off. 

3.0 Installation, Infrastructure, Cost and Project Safety


Installation and Infrastructure

Findings

· The collaboration has presented a fairly well developed installation plan for the MINERvA detector based on experience with the MINOS near detector installation.

· The plan is based upon modifying and reusing the MINOS handling fixtures where possible and following the transportation, handling, and rigging procedures developed for MINOS.

· Estimated for the M&S and personnel costs of the fixture modifications and detector supports have been developed by the same engineering staff who developed the estimates for MINOS.

· The collaboration has developed a clear understanding of the site preparation needs for the experiment.  This includes the AC power distribution for experimental electronics as well as the power and cooling for the magnet coil.

· Estimates for the M&S and personnel costs for site preparation have been developed by the same people who supervised this work for the MINOS site.

Comments

· Because the MINERvA detector is mechanically very similar to the MINOS detector, the committee felt that the estimates for supports, rigging, and handling were credible.

· There is considerable value in the accumulated experience of the personnel who participated in the MINOS detector installation.

· There may be significant modifications required for the MINOS plane transport cart.  This should be looked at carefully noting that the modifications might have to be made underground. 

Recommendations

1. Continue to refine and develop the handling and installation procedures so that they are specific to the MINERvA apparatus.

2. Work with PPD to ensure that the institutional memory of the MINOS installation is preserved for the MINERvA installation.


Magnet Coil

Findings

· The collaboration presented a detailed design for a magnet coil for the MINERvA apparatus.

· The coil design is very similar to the MINOS coil.

· The design addresses the mechanical support and restraint of the coil as well as power and cooling requirements.

Comments

· The committee felt that the design was complete and credible.

· Some concerns were expressed regarding fringe field effects due to the return leg of the coil as it relates to the two different diameter regions of the apparatus.

Recommendations

3. Continue to develop and refine the coil design based on the results from detailed finite element analysis of the stresses and the fringe fields.


Safety

Findings

· A detailed summary was presented of the major safety issues facing the experiment.

· This summary included

· Rigging and handling of heavy objects

· Electrical safety

· Detector assembly issues such as ergonomics and chemicals safety.

· Safety issues were addressed at the subsystem level and were integrated with technical design considerations.

· There is a need for the use of Pb plates in part of the detector

Comments

· The committee was favorably impressed that the MINERvA collaboration has taken the principles of Integrated Safety Management to heart.  Examples that we noted are:

· Sensitivity to NFPA and FESHM requirements in the selection of cables and other materials to be installed underground.

· A discussion of assembly ergonomics in the choice of some detector dimensions.

· A discussion of the use of plastic instead of metal which reduced the chances of hand lacerations during assembly

· The use of Pb plates has not been fully evaluated.  The collaboration is clearly sensitive to the need for worrying about this issue, but there is not yet a resolution.

Recommendations

4. Keep up the good work, continue to integrate safety analysis into your design process and procedures.

5. Develop a good method to mitigate the hazards associated with the use of Pb.  This might require painting or some other kind of coating.

4.0 Costs, Schedule and Management

Findings

· The team presented to the committee their cost estimates for each subtask and a level 2 WBS rollup.  Presentations were given from each subtask based on their own work scope.  The total project cost estimate including contingencies is $9,520,963.00.  (See Appendix A for cost estimate details.)

· A WBS level 3 schedule was presented and critical and near critical paths identified.  The critical path is the scintillator plane production.  The schedule presented assumes that all required funding is available immediately at the start of the project when major purchases need to be made.  Resource loading was not built into the schedule, except that university groups assumed a fixed maximum number of staff available throughout the duration of the experiment.  Other resource considerations such as a cost profile and Fermilab personnel requirements have not been loaded into the schedule.

· The team proposed a university based project management scheme with Fermilab support for onsite activities and expressed that the final organization was not fully defined.

Comments

· The experiment takes advantage of past experience and known technologies for building a cost estimate and the committee sensed that most items were accounted for with reasonable accuracy and planned contingency.  Since each subtask presented their own work scope and subtasks overlap between institutions, there was limited traceability between the lower level WBS elements and the rollup.  While the cost presentations were comprehensive, several clarifications were required due to the way they were organized.

· The committee was encouraged with the team’s efforts in preparing a detailed schedule at this preliminary phase.  Durations estimated for each activity seemed reasonable and many were based on previous experience with MINOS.  Since all subtasks begin in some degree and several purchase orders need to be placed immediately upon project start, the funding profile is of critical importance in determining an accurate schedule.  The only milestones included were purchase orders at the project start and all schedule contingencies were embedded in the schedule, so there was no distinction between base and contingency durations.

Recommendations

1. The WBS should be better organized for more straightforward tracking, reporting, and presentation.

2. As recognized by the project team, the use of T&M labor at Fermilab should be categorized as M&S rather than as salaries.

3. The process of resource loading the schedule should begin.  Also, more milestones should be included and schedule contingencies defined.

4. The committee agrees that university based project management scheme can be effective for this project, and recommends that additional detail of the project management organization and a project management plan be developed.  Important considerations are a change control process and a means for centrally managing cost and schedule contingencies.

5. The project universities, Fermilab, and the funding agencies should exercise full commitment in order to ensure success of the project.

6. Assure enough engineering review time is built into the schedule. 

5.0
Charge Questions

5.1 Are the physics requirements stated?

MINERvA gave general physics requirement during their presentations.  Following discussions with the Committee they provided several examples of quantative requirements.

5.2 Have these physics requirements been translated into technical performance requirement / specifications?

The example quantitative physics requirements serve as a first blush set of technical requirements.  The Committee recommends that additional effort in this regard be expended by the Collaboration in the near term.

5.3 Can the design be built?  Does the design meet the technical specifications.  Is it a reasonable design?

The detector design for MINERvA is based on proven detector technologies that have been already used on a much larger scale.  The MINERvA detector design is both reasonable and prudent and can be built in the time indicated in their schedule.  Since the time of the Fermilab impact review, the collaboration has chosen not to build a separate muon spectrometer.  This both makes the detector design simpler and reduces scope.  At this early stage, the collaboration has specified technology choices for all system components – no technology decisions remain.  The detector design meets the physics, electrical, and mechanical specifications.   However these specifications are not detailed in that full detector optimization has not yet been done and the engineering design (electrical and mechanical) has not been finalized (full engineering drawings, ANSYS analysis, etc.).  Nonetheless, we see no show stoppers.

5.4 Has a Work Breakdown Structure (WBS) been developed or other listing of cost elements been prepared? 

Yes.  The collaboration has developed a WBS structure for the project.  Considering that this is a “preliminary” director’s review, the committee felt that the WBS was reasonably advanced.  Additional refinements will be necessary, but this is an excellent start.   

5.5 Do the cost estimates for each WBS (or cost) element have a sound basis and are they reasonable? 

Yes.  The committee drilled down on two of the level 2 cost elements and found a reasonable basis for the cost estimates.

5.6 Is there a schedule for the project?

Yes, A WBS level 4 schedule was presented and critical and near critical paths identified.  The critical path is the scintillator plane production.  

5.7 If so, are the activity durations reasonable for the assumed resources?

Yes, the activity durations seem reasonable.  However, the funding profile will be of critical importance in determining the actual duration.

5.8 Has the schedule been “resource loaded”?

No, the schedule has not been resource loaded.  The committee feels the level of detail in the schedule is appropriate for this preliminary review.  The only loading including in the schedule is that the universities have included a fixed maximum of staff available during the duration of the project.

5.9 Is there an appropriate management organizational structure in place or proposed to accomplish the design and construction?

The MINERvA management organization is still taking shape.  There are a variety of management schemes possible.  Whatever scheme is eventually chosen should provide for strong project management presence at Fermilab, the host lab.  This does not imply that the project manager needs to be a Fermilab staff member.  There have been discussions between the experiment and the Fermilab Directorate regarding different approaches to managing this project but as of this moment there is no definitive decision as to how the final project management will be structured.  

Although this is a relatively small project, the ability to present a definitive management structure that gives confidence that the project schedule and cost can be maintained will be helpful to the Lab as well as the funding agencies.

5.10 Have responsibilities been assigned or have they been proposed?

University proposals have a clearly identified Principal Investigator (PI) and for each subsystem there is a scientist who has stepped forward to help organize and plan the effort.  However, final responsibilities for managing the project were not presented.

5.11 Are there adequate staffing resources available or planned for this effort?

The university parts of the project have some degree of resource need/availability rolled into their estimates.  The assumption has been that the required Fermilab resources will be available when needed.  Since the Fermilab estimates take advantage of existing knowledge and expertise in determining time and cost requirements, the availability of the key individuals who worked on MINOS is desirable and should be encouraged.  Having the same, experienced people involved in MINERvA, who successfully installed the MINOS detector, reduces the technical and safety risks for the project.  

5.12 Is there a funding plan available or proposed to meet the resource requirements to realize the detector?
Although the NSF and DOE requests from the universities have a common two-year construction time frame proposed, a more detailed funding plan was not presented.  

At a minimum, it would be beneficial to have an ordered list of long lead-time/critical items that could be purchased as soon as some funding is available.

Appendix A

Project Cost and Contingency Estimate Spreadsheet

	WBS
	Items
	Project's Cost Estimate (2005-2007) $

	
	
	Base (always w/G&A included) $
	Base + Cont. $
	 
	Base + Cont. $
	 
	 
	Subproject Totals

	
	
	M&S
	SWF
	Total
	M&S Total
	M&S Cont %
	SWF Total
	SWF Cont %
	Total Cont %
	

	1
	MINERvA Detector Construction
	3,578,786
	2,519,437
	6,098,224
	  4,871,760 
	36%
	  3,459,604 
	37%
	37%
	   8,331,363 

	1.1
	Scintillator Planes
	915,555
	1,015,362
	1,930,917
	  1,300,162 
	42%
	  1,383,402 
	36%
	39%
	   2,683,564 

	1.2
	Clear Fiber Cables
	298,017
	289,113
	587,130
	     445,864 
	50%
	     438,700 
	52%
	51%
	      884,564 

	1.3
	Photo Sensors
	968,445
	334,458
	1,302,902
	  1,263,125 
	30%
	     417,112 
	25%
	29%
	   1,680,237 

	1.4
	Electronics and DAQ
	409,029
	347,249
	756,278
	     574,730 
	41%
	     479,073 
	38%
	39%
	   1,053,803 

	1.5
	Frame and Absorbers
	693,984
	0
	693,984
	     882,105 
	27%
	                - 
	
	27%
	      882,105 

	1.6
	Module Assembly
	127,626
	468,255
	595,881
	     175,246 
	37%
	     650,317 
	39%
	39%
	      825,563 

	1.7
	Coil
	149,000
	65,000
	214,000
	     208,600 
	40%
	       91,000 
	40%
	40%
	      299,600 

	2
	MINERvA Installation
	142,714
	707,000
	849,714
	     199,800 
	40%
	     989,800 
	40%
	40%
	   1,189,600 

	2.1
	Installation Preparation
	40,714
	274,143
	314,857
	       57,000 
	40%
	     383,800 
	40%
	40%
	      440,800 

	2.2
	Hall Infrastructure
	102,000
	142,929
	244,929
	     142,800 
	40%
	     200,100 
	40%
	40%
	      342,900 

	2.3
	Installation  
	0
	289,929
	289,929
	                 - 
	 
	     405,900 
	40%
	40%
	      405,900 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	   

	 
	Project Totals
	3,721,501
	3,226,437
	6,947,938
	5,071,560
	36%
	4,449,404
	38%
	37%
	9,520,963


Appendix B

Review Committee Charge

Director’s Preliminary Review of MINERvA: Charge

January 10-11, 2005

The MINERvA Experiment was proposed to the Laboratory in 2003 and received Stage 1 approval as E938 in 2004. That approval was based on a funding model in which the apparatus itself was constructed by the non-Fermilab collaborating institutions with Fermilab being responsible for essential coordination of the installation and safety related engineering.

During consideration and deliberation, an impact statement was prepared by the Laboratory which was available at the time of approval.

Subsequently, the MINERvA collaboration has refined its experimental design and its cost estimate, and has developed a plan for management of the project. In seeking funds, it has prepared and submitted a proposal to NSF and is in the process of submitting a proposal to DOE.

At this time, in order to develop a better understanding of the preparations for this experiment, we are convening a Director’s Review. 

The Experiment 

The experiment will provide a series of presentations of: 

· the experimental design and a brief discussion of its ability to meet the physics criteria.

· the schedule for construction and deployment.

· the model for provision of all required resources.

For each subsystem, they should present:

· the cost estimate for the purchase of materials and services associated with the experiment.

· an estimate of the effort required to construct the subsystem.

For the installation, they should provide:

· a detailed estimate of Fermilab resources required.

· a discussion of the anticipated constraints in time, space or potential interference coming from:

· The existing MINOS experiment and its operation

· Other possible experiments.

Charge to the Committee 

The committee should make comments and recommendations as appropriate, which might be targeted at the experiment, or at the Laboratory, or both. In particular, the committee should consider the following, with the appropriate caveats for its current state of development:

Technical

· Are the physics requirements stated?  The physics justification has been reviewed and approved by the Fermilab Physics Advisory Committee (PAC).  The letter of approval and the excerpt from the PAC recommendations are attached below. So that is not the question here

· Have these physics requirements been translated into technical performance requirements / specifications?

· Can the design be built?  Does the design meet the technical specifications?  Is it a reasonable design?

Cost

· Has a Work Breakdown Structure (WBS) been developed or other listing of cost elements been prepared?

· Do the cost estimates for each WBS (or cost) element have a sound basis and are they reasonable?

Schedule

· Is there a schedule for the project?

· If so, are the activity durations reasonable for the assumed resources?

· Has the schedule been “resource loaded?”

Management

· Is there an appropriate management organizational structure in place or proposed to accomplish the design and construction?

· Have responsibilities been assigned or have they been proposed?

· Are there adequate staffing resources available or planned for this effort?

· Is there a funding plan available or proposed to meet the resource requirements to realize the detector?

How formal the Project Management requirements will be depends on the size (cost) of the project (probably the cost to / through Fermilab).  The various thresholds can be discussed; a table is attached to this note. The MIE threshold above which a project needs to be included in the DOE budget is $2M.
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Director's Office




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 MINERA 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 MINERA 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

Attachment

cc:
K. Stanfield


H. Montgomery


S. Holmes


J. Appel

Excerpt from April 2004 PAC Recommendations

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

MINERA 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 MINERA 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 MINERA’s capabilities.  The MINERA 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 MINERA should be able to make definitive measurements of the axial form factor over a wide Q2 range.  The MINERA 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 MINERA to Oscillation Physics


Through precision measurements of the major low-energy neutrino scattering processes, MINERA 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 MINERA 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 MINERA should lower the MINOS systematic error on m2.  As statistics improve, the reduction in error is larger.  For later neutrino experiments, the reduction in errors on 13 is equal or even more significant.

Impact on the Laboratory


A review of the impact of  MINERA on the Laboratory took place prior to the PAC meeting.  MINERA 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 MINERA 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. 


MINERA 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 MINERA needs to be considered carefully.  Estimates made in response to the review indicate that if MINERA 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 MINERA on the MINOS Detector and Run Plan


MINERA does not request changes in the MINOS run plan.


MINERA 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 MINERA 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.

Funding and Schedule


The MINERA collaboration has applied for an NSF MRI for $2M.  These funds would cover the R&D and tooling as well as completion of ~ 20% of the final detector.  An additional 2.5-3.5 M$ are needed to complete the detector, depending on the decision to build a standalone muon spectrometer.  The collaboration is exploring other funding sources, through DOE nuclear science and the DOE and NSF university groups.  The schedule proposed is very aggressive and requires substantial funding on short time scales.  While a successful MRI proposal will get the project started, schedule slippage can be expected if additional funds are not available in FY2005.  

Appendix C

Review Agenda

Agenda for the Preliminary Director’s Review

MINERvA Proposal

January 10-11, 2005

Monday, January 10, 2004 – Comitium 2nd Floor SE

	9:30 – 10:30 am
	Executive Session
	E. Temple

	10:30 – 11:00 am
	Introduction, the physics and detector requirements
	Jorge Morfin (Fermilab)

	11:00 – 11:30 am
	Detector overview and performance
	Kevin McFarland (Rochester)

	11:30 – 12:00 pm
	Scintillator extrusion and Fibers
	Howard Budd (Rochester)

	12:00 – 1:00 pm
	Lunch (2nd Floor Crossover)
	

	1:00 – 1:30 pm
	Scintillator packaging
	Jeff Nelson 

(William and Mary)

	1:30 – 2:00 pm
	Electronics and DAQ
	Dave Casper (Irvine)

	2:00 – 2:30 pm
	PMT box and PMT testing
	Tony Mann (Tufts)

	2:30 – 3:00 pm
	Absorbers - nuclear targets, frame, veto and module production
	Ron Ransome (Rutgers)

	3:00 – 3:15 pm
	Break
	

	3:15 – 3:45 pm
	Installation infrastructure and coil
	Debbie Harris (Fermilab)

	3:45 – 4:15 pm
	Fermilab Impact
	Jorge G. Morfin (Fermilab)

	4:15 – 4:45 am
	Cost, schedule and management
	Kevin McFarland (Rochester)

	4:45 pm
	Executive Session (report writing)
	


Tuesday, January 11, 2005 - Comitium 2nd Floor SE

	8:00 – 9:00 am
	Follow-up Discussions with MINERvA Team as needed
	

	9:00 am
	Report Writing 
	

	12:00 noon
	Working LUNCH
	

	1:00 pm
	Dry Run Closeout
	

	3:00 pm
	Closeout 
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Report Format and Reviewer Assignments

for

Director’s Preliminary Review of MINERvA
	Executive Summary

	Ed Temple


	1.0 Introduction

	Dean Hoffer


	2.0 Technical


	
2.1 Science

	Bob McKeown, Greg Bock


	
2.2 Scintillator



2.2.1 Extrusion and Fibers



2.2.2 Packaging

	Greg Bock, Alan Bross


	
2.3 Electronics and DAQ

	Alan Bross, Mike Crisler


	
2.4 Absorbers – Nuclear Targets, Frame, Veto and 
Module Production

	Rich Stanek, Bob McKeown


	3.0 Installation, Infrastructure, Coil and Project Safety

	Mike Crisler, Mike Andrews 


	4.0 Cost, Schedule and Management

	Marc Kaducak, Dean Hoffer, Ed Temple


	5.0 Charge Questions

	5.1 Are the physics requirements stated?

	Bob McKeown


	5.2 Have these physics requirements been translated into technical performance requirements / specifications?

	Greg Bock


	5.3 Can the design be built?  Does the design meet the technical specifications?  Is it a reasonable design?

	Alan Bross, Rich Stanek, Mike Crisler

	5.4 Has a Work Breakdown Structure (WBS) been developed or other listing of cost elements been prepared?

	Mike Crisler


	5.5 Do the cost estimates for each WBS (or cost) element have a sound basis and are they reasonable?

	Mike Crisler


	5.6 Is there a schedule for the project?

	Marc Kaducak


	5.7 If so, are the activity durations reasonable for the assumed resources?

	
	5.8 Has the schedule been “resource loaded?”

	
	5.9 Is there an appropriate management organizational structure in place or proposed to accomplish the design and construction?

	Rich Stanek, Greg Bock

	5.10 Have responsibilities been assigned or have they been proposed?

	
	5.11 Are there adequate staffing resources available or planned for this effort?

	
	5.12 Is there a funding plan available or proposed to meet the resource requirements to realize the detector?

	

	
	

	
	


* Note underlined names are the primary writer.
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Appendix F

Table of Recommendations

	No.
	Recommendation
	Assigned To
	Status/Action
	Date

	2.1.1
	The detector resolutions required by the various physics processes should be justified by simulation and graphical presentation, and summarized in tabular form. For each important process (i.e., QE scattering, coherent  production, DIS), the required performance in each detector parameter (i.e., EEh , z, etc) should be assessed. 
	
	
	

	2.1.2
	The performance of the detector for each of these parameters should be demonstrated by simulation and summarized in graphical form.
	
	
	

	2.1.3
	Reasonable variations in these parameters should be explored and studied for optimization of physics and cost. 
	
	
	

	2.2.1
	Continue with the vertical slice test (VST) program.
	
	
	

	2.2.2
	Try to get more light out, maybe including glue the fibers.
	
	
	

	2.2.3
	Consider full-scale prototype of webbing modules.
	
	
	

	2.2.4
	Reassess contingency which may be low on factory set up (both cost and schedule).
	
	
	

	2.2.5
	Understand Connector R&D lead times better.
	
	
	

	2.3.1
	Coordinate closely with PPD/EED department on the availability of electrical engineering resources given the potential conflict with other programs. 
	
	
	

	2.3.2
	Investigate with PPD/EED the possibility of using a newly developed VME LVDS receiver board. 
	
	
	

	2.3.3
	Consider a dual-ring for LVDS chain in order to create a more robust system.  The cost impact may be quite small.
	
	
	

	2.3.4
	The availability of the final front-end boards for initial PMT testing presents some risk.  An alternate approach should be in place.
	
	
	

	2.3.5
	Electronics cooling issues in the hall need to be fully understood. 
	
	
	

	2.3.6
	Coordinate with the MINOS collaboration to fully understand and specify the DAQ interface and data sharing protocols between MINOS and MINERvA.
	
	
	

	2.4.1
	Assure that the final design drawings are reviewed and signed off by Fermilab personnel to minimize the risk of design mismatch.  Final drawings should be sent to Fermilab for storage in a local CAD system.
	
	
	

	2.4.2
	When the design of the frames is complete a detailed assembly procedure should be written that includes the QC checks that will be performed.  An engineering note must be written that becomes part of the safety documentation for the project.  Loading considerations should include any live loads that may be incurred during shipping and handling. 
	
	
	

	2.4.3
	A magnetostatic analysis of the steel needs to be performed to quantify that the desired field is achieved, magnetic forces are reasonable and fringe fields are acceptable.
	
	
	

	2.4.4
	Investigate ways to perform the final assembly and plan the process so as to minimize the risk of component delays leading to escalating costs.  University involvement in this step of the process will help to alleviate this concern.
	
	
	

	2.4.5
	As the project moves forward, develop a design specification for the detector stand that includes all mechanical and electrical parameters and load tests that are required
	
	
	

	2.4.6
	As the project moves forward, formalize the design and safety review process that incorporates early involvement of Fermilab staff (including the Lab’s Safety Review Panel) in the approval process.  This will minimize the risk of design mismatches and provide a smoother transition through the Operational Readiness Clearance process and the final sign-off. 
	
	
	

	3.0.1
	Continue to refine and develop the handling and installation procedures so that they are specific to the MINERVA apparatus. 
	
	
	

	3.0.2
	Work with PPD to ensure that the institutional memory of the MINOS installation is preserved for the MINERVA installation.
	
	
	

	3.0.3
	Continue to develop and refine the coil design based on the results from detailed finite element analysis of the stresses and the fringe fields.
	
	
	

	3.0.4
	Keep up the good work, continue to integrate safety analysis into your design process and procedures.
	
	
	

	3.0.5
	Develop a good method to mitigate the hazards associated with the use of Pb.  This might require painting or some other kind of coating.
	
	
	

	4.0.1
	The WBS should be better organized for more straightforward tracking, reporting, and presentation
	
	
	

	4.0.2
	As recognized by the project team, the use of T&M labor at Fermilab should be categorized as M&S rather than as salaries.
	
	
	

	4.0.3
	The process of resource loading the schedule should begin.  Also, more milestones should be included and schedule contingencies defined.
	
	
	

	4.0.4
	The committee agrees that university based project management scheme can be effective for this project, and recommends that additional detail of the project management organization and a project management plan be developed.  Important considerations are a change control process and a means for centrally managing cost and schedule contingencies.
	
	
	

	4.0.5
	The project universities, Fermilab, and the funding agencies should exercise full commitment in order to ensure success of the project.
	
	
	

	4.0.6
	Assure enough engineering review time is built into the schedule.  
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