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Background

The FPIX Review Committee met on the morning of September 2, 1998 to review planning for the US CMS Forward Pixel project.  Presentations were made by Bruno Gobbi, Muzaffer Atac and Lucien Cremaldi.  The charge to the committee was given by Dan Green, US CMS Technical Director and is included below.  After the presentations were completed, the committee transmitted several follow-up questions to the project team to help clarify the issues.  The committee’s report incorporates this information and represents our best attempt at addressing the charge.

General Comments

The planning of the project seems far along and in capable hands.  The project leaders are knowledgeable and prepared to address the technical issues associated with this new technology and environment.  It is clear that there are several technical issues to address in order to finalize the design and then many details that need to be worked out.  The work load is high but there is time to get this project completed, if adequate labor resources can be identified and assigned.

The review concentrated on the mechanical aspects of the project.  Very little attention was paid to the electrical or data acquisition issues.  However, it should be noted that this part of the project may define the critical path for installation of the detector.

Engineering

A table of participants for the FPIX project was presented. It lists the name, institution, area of responsibility and CMS fraction for each person. The mechanical engineering amounted to 0.5 FTE while the electrical engineering totaled 1.15 FTE.  There was also mention of help from Igor Churin (FNAL) and his engineering group as their involvement in HCAL winds down.

The committee believes that the proper level of mechanical engineering support should be approximately 4 FTE with the appropriate amount of design/drafting help (2 to 3 FTE).  We feel that mechanical engineers could be assigned as follows: mechanical support (2), cooling and R&D(1) and installation & coordination (1).  Obviously, it is important to match the engineer’s area of expertise to the technical tasks.  In order to make consistent progress, this engineering and design staff should be focused on the technical challenges of this project.

The committee was also struck by the number of people working on the project who were currently devoting only 10 to 20% of their time.  This brings into question the level of commitment, the inevitable time conflicts and the ability to get tasks done on schedule.  Hopefully, this situation will improve as time goes on.  

R&D Plan

A R&D plan and schedule was presented.  Appropriate milestones for the completion of R&D on different parts of the mechanical assembly were included.  R&D for the cooling scheme is well underway with a test stand already established at the University of Mississippi for component evaluations.

The committee is concerned with the shear number of R&D areas that need to be addressed and the inability, due to lack of full time participation of physicists and engineers, to distribute the work load.  Historically, it has been  necessary to have dedicated and focused groups (physicists, engineers and technicians) to perform this level of work on a set time schedule.  It is quite common to see projects delayed due to too many decisions trying to be made by too few people.  This is particularly true when the scope of decisions crosses many different topics and requires R&D test results for input.

Device Testing

The project schedule gave well defined milestones for completion of conceptual designs, final designs, testing and fabrication.  Setting dates for when decisions need to be made is an important part of constructing a credible schedule.  The project team was able to back up these dates with a detailed list of planned mechanical, cooling and assembly tests. 

The committee shares the concern of the project that a big unknown in the testing schedule is the availability of facilities at SiDet.  Unfortunately, the time frame for these tests overlaps with the production schedule for current collider upgrades.  We encourage the project to try to formalize an agreement with facility managers and block out expected access times to necessary CMM machines or to look for alternatives.  

Mechanical & Cooling Design

The project team presented an overview of the mechanical mounting and cooling schemes.  Both seem to be sound designs.  The committee asked for and received a list of assembly tolerances and alignment specifications for the detector.  

In general, the committee felt that the alignment requirements for construction  were reasonable.  It appears that the philosophy of performing as-built survey to determine where the sensors are, as opposed to precision alignment during construction is being followed.  This is a sensible approach.  However, the construction sequence still requires the use of a CMM for a substantial time.

The committee is concerned with the ability to construct and position the half disk assemblies within the tracking volume.  Our opinion is that making and holding tolerances on half cylinders is not an easy task.  This already difficult problem is complicated by the need to have an inerted tracking volume (due to reduced temperature for the silicon sensors) during installation.  

The mechanical design which incorporates sensor arrays mounted on panels and attached to the Panel Support Structures (PSS) appears to offer several benefits in terms of modularity.  Clearly, there are many details that need to be worked out.  The committee feels the project is taking the right approach by not finalizing designs until sufficient testing (both short term performance and long term reliability) is accomplished.  In particular, the need to create absolutely leak tight, reliable coolant flow passages is a concern shared by the project and the committee.

The committee is also concerned with the requirement placed on the project to work through the LHC’s CCG (Cooling Coordination Group) to obtain a final cooling system.  Although this will produce more consistent cooling schemes for LHC operation (for both ATLAS & CMS), it will add additional coordination work to the FPIX project.  Communication is the key to avoiding wasted efforts and this takes time.

Schedule

A rolled-up R&D and Production schedule was presented. Although there is more than six years left before the expected start-up of LHC, most of the production and assembly is done in the last three years of the project.  The schedule indicates the FPIX detector being shipped to CERN on September 24, 2004, FPIX installation complete on February 16 and first beam at LHC on March 1, 2005.  

The committee believes that there is sufficient time in the schedule to complete this project.  In fact, we believe it would be prudent to move as quickly as possible into the production stage in order to provide a cushion to accommodate unforeseen delays. The back end schedule is extremely tight and it would be wise to try to eliminate as much uncertainty as possible by having components and assemblies built in advance.  It would be beneficial for the project leaders to construct a technically driven project schedule (one which does not factor in funding) in order to determine just how much the schedule could be advanced.

-----------------------------------------------------------------------------------------

Charge to the FPIX Review Committee:

This review is prompted by the recent Lehman baselining review held in May which raised the issue of the sufficiency of the engineering effort brought to bear on the FPIX effort. In response to these concerns, the following charge has been made to this committee:

* Is sufficient engineering effort assigned to the FPIX project in the R&D

phase?

* Has a detailed R&D plan been developed with appropriate milestones?

* Has a detailed series of device tests been initiated, including non-US

components?

* Are the mechanical design and the cooling design of the FPIX sound?

* Is the R&D plan well matched to the construction schedule?

