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I.  Scope of Review: Primary Recommendations

About one year ago the PHENIX collaboration culminated a thorough examination of the Muon Arms construction project with a proposal to phase the effort in such a way that a di-muon physics program could begin in the second year of RHIC running (FY2001) using a completed South Muon Arm.  The plan to complete the project included a reduction in the scope of the Muon Tracking system, and a proposal to defer a substantial part of the North Muon Arm electronics, creating a “mortgage” on future capital funds of ~$1.6M.  In order to make the proposed schedule for completing the South Muon Arm possible, DOE agreed to a change in the AEE funding profile, advancing $1.035M into FY1999.


The purpose of this review was to evaluate the present status of this effort, elucidate the remaining technical milestones, and provide advice to RHIC, PHENIX, and DOE on the detailed plans to complete the project.  A letter to the committee from Tom Ludlam providing an explicit charge for the review is attached to this report.  The central issue was whether or not it remains feasible, given the present technical status and the schedule and funding constraints, to pursue a plan for installing a working South Arm during next year’s summer shut-down of RHIC.  The committee finds that such a goal is feasible, but makes several recommendations to help ensure a successful outcome.  Primary among these recommendations are the following;

1.  Sufficient contingency funds should be created in the FY2000 budget to assure completion of the South Muon Arm for physics in year 2 RHIC operations before major financial commitments are made to the North Muon Arm systems.

2.  A large-scale system test of the Muon Tracker electronics should be carried out before release for fabrication of the full complement of electronics boards.

3.  The complete grounding and shielding plan for the muon tracking detector readout should be documented and submitted to a detailed review by PHENIX electronics management.

Given the relative brevity of this review, and the strong focus on this central issue, the committee was not able to adequately address item no. 5 of the detailed charge, relating to the schedule and funding required to complete the North Muon Arm for physics running in FY2002.


The remainder of this report gives the committee’s findings and detailed assessment.  The recommendations in each section are given in bold type.

II.  Project Management, Procurement, Production and Installation Schedules


Substantial progress has been made on the PHENIX muon system since the last review.  The muon ID chambers have been installed in both the South and North arms.  Production has begun on the muon tracking chambers.  Prototyping is underway on both the muon tracking electronics and the muon ID electronics.  Current schedules show that a complete South arm should be available in year 2 of RHIC running.  The estimated cost to complete the current scope of the muon system is in reasonable agreement with the available budgets, although the proposed contingency may not be adequate.


Significant changes in management of the muon system have also occurred since the last review.  The committee was very pleased by the good organization and planning that the current management has achieved in both the mechanical and electronics areas of the muon system.  Dick Mischke's leadership of the MuTR electronics has been an especially valuable addition to the project. 


The committee believes that the completion of the South Muon Arm so that it will be available to do physics in year 2 of RHIC operation is extremely important, and that this goal should be guaranteed even if it means delay in the ultimate completion of the North Arm.  We therefore recommend that sufficient contingency funds should be created in the FY2000 budget to assure completion of the South Muon Arm for physics in year 2 RHIC operations before major financial commitments are made to the North Muon Arm systems.


The schedule for completion of the electronics for the muon tracking chambers is very aggressive.  As spelled out in subsequent sections of this report, another important recommendation resulting from this review is that a system test of a substantial portion of the Muon Tracker system should be performed prior to the initiation of full fabrication of the electronics.  Here, we note the committee’s concern that there may not be sufficient engineering support for such a test, since we understand that the engineering support for the muon tracking chamber electronics is scheduled to end with the completion of the prototype boards.  We therefore recommend that PHENIX, RHIC, and Los Alamos management should work together to assure such support.
III.  System Design, Performance Requirements, and Development Status

For a detector with high signal-to-noise requirements, such as cathode strip chambers with interpolating readout, an optimum configuration would include the analog front-end electronics within the chamber shielding enclosure, i.e., as a part of the chamber module.  With the present arrangement (preamplifiers connected to cathode strips with ~ 60 cm leads), a thorough grounding and shielding plan is essential in order to achieve the performance specifications in a full system.  Although at least most of the elements of a complete plan are in place, this plan is critical; consequently we recommend that the plan should be documented and undergo detailed review arranged by PHENIX electronics management.  Expert advice should be sought as needed in completing the plan and document. 

Performance requirements relating signal-to-noise ratio and dynamic range to position resolution are well defined.


The committee strongly believes that current planning must be revised to include a muon tracker system test.  Such a test is particularly important for the front-end electronics subsystem because of the excellent performance demanded by the Muon Tracker.  We therefore recommend a large-scale system test of the Muon Tracker front-end electronics before release for fabrication of the full complement of electronics boards.  The system test should include operation with a CSC, planned grounding and shielding arrangements, and final power supplies.  A sufficiently large number of channels, perhaps one octant of one station, should be included in the test to produce any coherent or collective effects that would be present in the final, full system.  The results of the test (noise and resolution measurements) should be formally reviewed before release for fabrication of the full system.  Additional remarks on this recommendation are given in Section V below. 

IV.  Muon Tracker Mechanical Design, Construction, and Integration

The progress in the fabrication tooling development and chamber construction factory preparations is extremely impressive.  Both the presentations and the tour of the Station 3 factory provided ample evidence that the mechanical aspects of the Muon System are well under control.  Production in all three factories has started or is about to start in the case of the Station 1 at NMSU.  First octants of all three stations are expected within the next two months, with the full set of the South Arm detectors finished by February of next year.  

The only construction difficulty has been with procurement of the muon tracking chamber FR4 strips.  This problem should be solved quickly so as not to delay the production factory.  We recommend starting up a second vendor in a parallel production line.  Such a solution is likely to be less expensive than delaying the factory.  Action of this should not wait until the problems with the current vendor are solved or the contract is canceled.

The installation plan seems well thought out.  There was no discussion of interaction and possible interference with the installation and/or operation of other PHENIX detectors.  An explicit effort should be made to assure that there are no such problems.  Because of the difficult access to the detectors, every effort should be made to test the chambers as thoroughly as possible with particular emphasis in assuring that a safe operating margin exists.  In particular, the collaboration should consider a quick mapping of the chambers' gas gain to assure a sufficient high voltage plateau.  The new baseline gas containing only Argon, CO2, CF4 should help in this respect.

The decision to reconfigure the cathode gaps and optimize the stereo angle of the cathode strips is well motivated and will result in more efficient pattern recognition algorithms and elimination of ghosts.  This is essential considering the expected high multiplicity for central events.

Finally in the area of MuTr chambers, we recommend that PHENIX management should work together with RHIC management to map out the right strategy concerning the future of the factories at LANL and BNL in order to complete the detectors of the North Muon Arm with the most efficient use of the available resources.  Necessary tooling and clean room space must be available for possible repair needs.  As stressed in Section II above however, completion on the North Muon Arm should not compromise obtaining physics measurements with the South Arm in year 2 of RHIC running.

Equally impressive progress in the MuID mechanics was demonstrated.  All Mu ID panels were installed on schedule.  Limited operation of selected panels is in operation in Year 1.  The gas system for the entire detector has been designed and a cost estimate completed.  Much of the high voltage system has been procured.  The collaboration should try to gain as much operating experience with the existing hardware as possible. 

V.  Front End Electronics 

The committee was presented with clear reports on the present status and future plans for the MuTR and MuID electronics, including the MuID level 1 trigger.  These presentations showed that the electronics subsystem leaders have a clear and realistic picture of the current status of their subsystems and have generally well conceived plans for completion of development and production. 

With the exception of only a small number of critical items, development of the front-end electronics for the Muon Arms is still in the design and prototyping phase.  For instance, the first prototype of the readout card for the MuTR is only now under evaluation, and only an eight-channel readout card for the MuID has been prototyped. (The production MuID ROC has 96 channels.) Most other boards are still in design. Consequently, much work, design and prototyping, production, and installation and commissioning, remains for the short period of time between this review and Spring 2000.  Committee comments and recommendations concerning the remaining work are grouped below under the headings Technical, Cost, Schedule, and Manpower. 

(A) FEE, Technical
The conceptual design of the front-end electronics for the Muon Tracker has progressed quite significantly in the last year.  The system design has been simplified, and the number of board interconnections through which signals must pass has been reduced.  The new design will improve performance.  In addition, there are no longer plans to read out anode wires.  These changes will facilitate completion of design and production of the system.  An important milestone, submission of the cathode preamplifier chip (CPA) for fabrication has also been passed. 

Many technical milestones in the design and prototyping phase remain to be completed.  Fabrication of the CPA must be successful.  Performance of production CPA chips must be carefully evaluated, including performance on cathode readout cards (CROCs).  Evaluation of the analog performance of the prototype CROC must be completed, and complete and careful tests of performance under full operation, including studies of crosstalk of digital signals into the analog signal path, remain to be performed.  Chain tests, which have been initiated, need to be finished.  As stated in Section III above, the committee strongly recommends a system test.  Release of boards for production prior to such a test entails undue risk.  The requisite level of analog performance must be demonstrated prior to the launch of full-scale production.  Otherwise, some subtle design problem might not be evident in the absence of a faithful mock-up of the actual operational configuration or in the absence of a sufficient number of channels to reveal system-level problems.  It is in fact likely that some needed change or changes will be identified by a system test. 

Testing of front-end electronics boards is ongoing.  Thorough tests should be completed.  As mentioned above, extensive analog tests and tests of interactions between digital logic and analog signals should be performed on the CROC.  We recommend that results of tests and schematics should be reviewed prior to fabricating the first CROC units with the production design. 

Since reviews of approximately a year ago, production and installation of the full complement of the amplifier/high voltage boards for the Muon Identifier have been successfully completed. Development of a number of additional components of the MuID FEE system remains; however, the plan to complete the system, including the level 1 MuID trigger, is well conceived.  Development should be finished as expeditiously as possible. 

(B) FEE, Costs
Estimates of cost to complete are now based on a firm understanding of the components of the system and, in many cases, on detailed understanding of the components on each printed circuit board.  Consequently, estimates of material and assembly costs should be reasonably accurate.  A contingency of about 20% is appropriate.  In the case of the Muon Tracker, manpower estimates are based on the overly optimistic assumption that design and prototyping are complete by the end of October and that very little technical support is needed after that time.  

(C) FEE, Schedule
The committee feels that the present schedule for the MuTR front-end electronics cannot be met because it does not account for adequate testing of front-end boards or for system tests.  Careful preparations for and planning of these tests can help minimize the impact of additional testing on the final installation milestones.  The present MuTR FEE schedule, furthermore, does not account for resolving any significant problem that may be identified during thorough testing and evaluation of electronics before production.  Such a problem could require an additional round of prototyping that further delays completion.  

The schedule for the MuID front-end electronics is quite achievable.  Development activities should be rescheduled to complete earlier if possible.  We recommend that the time allotted to fabrication and production testing should be increased in order to allow schedule contingency for possible delays in these steps. 

(D) Manpower
The MuTR and MuID front-end electronics efforts are now entering a critical phase whose completion will demand significant manpower.  Both technical and physicist manpower is needed for evaluation of prototypes, system tests, production testing, installation, and commissioning.  Existing manpower needs to be reinforced by addition of new personnel and increased commitment of part-time personnel during this important period.  Engineering support will be needed through the completion of design and prototyping as noted in Section II of this report.
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