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Overview and Summary
The Committee was asked to provide an assessment of the technical status and progress, as well as the cost, schedule, and management performance of the project.  The FVTX project was officially started in April 2008; the previous annual review was conducted in November 2008.   The agenda for this review is given in Appendix A, and the detailed charge to the Committee is given in Appendix B.

The primary purpose of the FVTX detector is to enhance the heavy flavor physics program at forward rapidity in PHENIX.  The addition of precise vertex trackers in front of the two muon arms will provide measurements of the distance of closest approach (DCA) of tracks from vertices displaced from the primary collision vertex.  The DCA measurements will be used to reject a large fraction of the hadronic background tracks, and select muons from semi-leptonic decays of charm and beauty particles.  Charm and beauty decays can be selected on a statistical basis from the distribution of DCA measurements.  

The technical scope of the project, including the essential design parameters and the baseline budget and schedule are given in the Project Management Plan, dated April 2008.  Key tables in the Management Plan define the functional performance requirements of the FVTX system required to achieve the proposed physics goals (Management Plan Table 1), and the inventory of components that must be delivered to satisfy a successful completion of the project (Management Plan Table 3).  The FVTX will be integrated with another ongoing PHENIX project, the Silicon Barrel Vertex Tracker (VTX).  Both detectors share common infrastructure and integration issues.

Substantial technical progress has been made since the 2008 annual review, and the committee sees no critical unresolved technical issues that stand in the way of a successful completion of the project.  The committee believes the FVTX team has developed a well thought-out detector system that has a very high probability of achieving the ultimate physics goals.  The key issue of concern at this review is the overall project schedule.  Many key milestones have been delayed significantly.

A major schedule issue, and the main technical concern, continues to be the High Density Interconnect (HDI), the flex circuit board on which the sensors and FPHX readout chips are interconnected.  The very tight design rules, with 50 micron feature sizes, eliminate most Kapton/flex vendors from consideration.  Prototypes from the selected vendor, Dyconex (in Switzerland), have passed functionality tests, but there have been manufacturing difficulties.  HDI production has not yet started and is now delayed by nearly a full year.  Production of the HDI interconnects is necessary to begin assembly of the ~400 Wedge units that constitute the basic detector modules of the FVTX.  This assembly, which is now scheduled to start in February 2010, is on the critical path.

The scheduled completion date for the FVTX project is June 30, 2011.  While the project team has made an effort to build some contingency into the remaining schedule, meeting this completion date seems very challenging in light of the delays that have developed so far.  There are now four major components, including the HDI, that are within a few weeks of being on the critical path.

There is one requirement for project completion that almost certainly cannot be met by the end of June 2011.  This is the requirement that the noise specification given in Table 1 of the Management Plan be met with the detector (or a portion of it) mounted in PHENIX, inside the VTX enclosure.  Assuming a normal RHIC running period in FY 2011, the PHENIX detector will be inaccessible from December 2010 through at least June 1, 2011.  As discussed in the remainder of this report, this appears to preclude an in situ test before the project completion date.  The committee’s Recommendation 4 proposes that additional time be allowed for this final completion milestone to be met.
A detailed discussion of the committee’s findings and recommendations is given in the sections below.  A summary list of the recommendations is given here:

Recommendation 1:  A technical line of communication regarding the HDI manufacture should be established with Dyconex immediately.  This communication would best be initiated in person at their facility.

· The FVTX team should request a tour of Dyconex facilities and a meeting to fully present the FVTX requirements and hear about Dyconex’s capabilities.  This meeting should be requested at the time of issuance of the purchase order for the next prototype.

· For the interaction with Dyconex, it would be highly desirable to enlist the aid of an outside expert… someone having recognized expertise in Kapton/flex interconnect technology.  It might be possible to enlist such help from the BNL Instrumentation Division.
Recommendation 2:  The FVTX team should actively plan for the production cycle of the Wedges by identifying risks and implementing mitigating strategies that could increase the probability of having the Wedges produced on schedule.
· The team should identify people with previous experience in these activities to help them in planning for these strategies.

· The team should consider using contingency funds to increase the production rate where appropriate.

· The next FVTX Quarterly Report should describe progress along these lines.

Recommendation 3:  The committee supports the proposal to produce and store 25 spare large sensors and 8 spare small sensors in fully assembled Wedges, modifying Management Plan Table 3 accordingly.

Recommendation 4:  The FVTX team should revise the project control milestones as follows:

· Propose a revised set of control milestones that describe the completion of key schedule goals, with realistic dates.

· Add a new control milestone associated with the successful completion of bench testing the second half-cage, with a target date no later than June 30, 2011.

· Add a new control milestone associated with the delivery of the last of the components enumerated in Table 3 of the Management Plan, with a target date no later than June 30, 2011.

· Propose a revised target date for the final project completion milestone no later than September 30, 2011, to allow sufficient time for the system functional requirements to be demonstrated when the FVTX (at least two half-cages) and VTX are both installed in the PHENIX IR and powered simultaneously.

The revised milestone table should be presented with the next quarterly report.

Recommendation 5:  The FVTX team should present a detailed commissioning plan, including necessary scientific and technical personnel, at the next (2010) annual review.

Recommendation 6:  PHENIX and the FVTX team should develop and present, at the next annual review, a plan to experimentally estimate the DCA background distributions and to tune their simulations accordingly. The necessary personnel to carry out these studies with the Run 12 data should also be identified. 

Readout and Electronics
Response to recommendations from the Nov 2008 review:
The FVTX Project Team expanded its simulations to address DAQ throughput and potential bottlenecks. The analysis was thorough and demonstrated that the ROC is capable of absorbing 10 hits per FPHX chip continuously without losing data. This represents a large safety margin over the expected data rates from central gold-gold interactions. Likewise, simulations of the FEM demonstrate that this data rate will not overflow buffers or lead to data loss.  The 2008 committee recommended including the effects of threshold dispersion in the simulation package. The FPHX designers addressed this concern and reduced threshold dispersion by approximately a factor of two. The committee is confident that the new FPHX chip is well matched to the detector and, further, has high confidence that the procurement and testing will take place on schedule. 

Finally, the 2008 committee recommended that a printed circuit version of the HDI be built to decouple system testing from potential delays in HDI prototype delivery. This board was produced and used successfully in these tests. 

Schedule:

The FVTX Project Team has shown an aggressive schedule designed mostly for success and with little contingency float.  This increases the risk that electronics production will be delayed with impact on the project completion date.  Therefore, careful oversight and planning of the remaining work is required to increase the probability of meeting the schedule.

High Density Interconnect:

The HDI remains a technical and schedule challenge to the project. The very tight design rules eliminate most Kapton/flex vendors from consideration. Prototypes from the selected vendor, Dyconex, have been procured and evaluated with mixed results. On the positive side, the prototypes passed full functional test, demonstrating their capability with regard to design rules. On the negative side, Dyconex experienced manufacturing difficulties which were not divulged and solved them by adding features to the HDI design without prior approval from the FVTX Project team. The changes resulted in bias voltage shorts rendering the HDIs non-functional. This could have been prevented by tighter communication between FVTX engineers and Dyconex technical personnel.

Recommendation 1:  A technical line of communication regarding the HDI manufacture should be established with Dyconex immediately.  This communication would best be initiated in person at their facility.

· The FVTX team should request a tour of Dyconex facilities and a meeting to fully present the FVTX requirements and hear about Dyconex’s capabilities.  This meeting should be requested at the time of issuance of the purchase order for the next prototype.

· For the interaction with Dyconex, it would be highly desirable to enlist the aid of an outside expert… someone having recognized expertise in Kapton/flex interconnect technology.  It might be possible to enlist such help from the BNL Instrumentation Division.

Wedge Production:

Once the HDI is done and the testing of the first FVTX wedge assemblies are completed, the production of the wedges will start.  The FVTX Team has signed a SOW with SiDet at Fermilab to assemble and wire bond these wedges, and they intend to have members of the team at Fermilab to oversee and test the wedges.  Also, David Winter, the leader of this effort, plans to move to Fermilab during this period.  However, the team can profit from individuals that have previous experience on the production of similar hardware.  For example, most likely some Wedge assemblies will require repairs, which may include redoing wire-bonds or even replacing FPHX chips.  An experienced individual in this type of production could advise the team on the most likely problems that could happen in this process, and help to plan for them with strategies that would assist to keep the project on schedule.  Another option to explore is to increase the production rate of the wedges by allocating additional contingency funds.  For example, one possibility is to allocate additional funds to the wire-bonding process, which will decrease the time required to perform this process.  But this has to be matched with the testing and re-work capabilities.

Recommendation 2:  The FVTX team should actively plan for the production cycle of the Wedges by identifying risks and implementing mitigating strategies that could increase the probability of having the Wedges produced on schedule.

· The team should identify people with previous experience in these activities to help them in planning for these strategies.

· The team should consider using contingency funds to increase the production rate where appropriate.

· The next FVTX Quarterly Report should describe progress along these lines.

Similar strategies could be used during the integration of the wedges into the discs and further testing.
Readout Chain:

The readout chain was tested with prototypes and ribbon cables between the wedge assembly and ROC.  The ROC was connected directly to a PC.  The final readout chain that includes the FEM and the PHENIX DAQ and trigger was not tested yet.  So, it is advisable to continue pursuing this goal and making sure that there are no surprises on this portion of the project.

HDI Bending:

The layout of the detector mechanics requires a few bends on the HDI.  The FVTX Team has a plan on how to implement these bends in a fully assembled wedge and has done preliminary tests with a hot air gun with good results.  Given this information, the reviewers believe that this process is small risk, but it was not demonstrated yet.  It is advisable to implement one of these bending jigs soon to test the concept.

Spare components -- proposed project deliverable changes:

Recommendation 3:  The committee supports the proposal to produce and store 25 spare large sensors and 8 spare small sensors in fully assembled Wedges, modifying Management Plan Table 3 accordingly.

Mechanical Assembly / Integration / Infrastructure
Preparations for detector assembly have begun.  Lab space has been identified and is being prepared.  Initial thought has gone into the tools and fixtures that will be needed for the assembly, but none have been designed to date.  A plan was presented to determine the location of each Wedge on its disk before the disks are assembled into the cages.  The goal is to determine the Wedge locations to ~5 μm.  This will then provide the basis for the final detector alignment.  The locations of the disks within the cages and the cages in the IR will also be surveyed with reduced precision.  These latter measurements will provide the initial input for the final system alignment, which will be done with tracks.  The final alignment needs to be performed to ~10 μm, in order to ensure that the ultimate requirement for hit resolution of 25 μm is not compromised.  Calculations were presented that indicate the thermal deformations of the system will be well within tolerances.  The committee was told that the metrology of the individual disks will likely be performed with them horizontal, whereas they will be vertical within the IR.  The need for a calculation of the gravitational distortions when the disks are horizontal is being evaluated.  Such a study has not been done to date.

The relative Wedge locations on the disks need to be preserved with very high accuracy from the CMM measurements in the clean room to the eventual installation of the FVTX in the PHENIX IR.  The committee encourages the FVTX team to explore options to perform the clean-room metrology with the disks mounted vertically.  If this proves impractical, the committee suggests that the team perform a gravitational sag analysis to verify that the distortions of the Wedge locations from horizontal to vertical mounting are small compared to the 5 μm alignment goal.

The FVTX group described the preparations of the IR that are underway - including installation of a platform above the PHENIX magnet, the routing of utilities and cable trays, etc.  This work is well advanced compared to the FVTX schedule because it is also needed for the VTX, which is to be completed during calendar year 2010.

While planning for the detector assembly is underway, there is still much to do before the assembly team will be ready to mount Wedges on disks with the required precision.  The committee agrees with the FVTX team assessment that the tools and fixtures needed for the assembly process are unlikely to be expensive or difficult to fabricate.  But it would be valuable to get them in place well in advance of when they are needed.  This would provide the team with an opportunity to perform early test assemblies with mock disks and Wedges to verify the planned procedures before the first real components become available.

Two different detector assembly plans were presented, the “baseline plan” and an “early commissioning” plan.  The schedule for the baseline plan includes 19 weeks of float, 8 in the Wedge assembly process and 11 in the detector assembly process.  It would have the first two half-cages ready for installation in the IR in June, 2011, after RHIC Run 11 has completed.  The remaining two half-cages would be installed after the first two have been tested in the IR.

The schedule for the early commissioning plan is designed to permit installation of the first two half-cages into the IR in November, 2010.  They would then be commissioned with beam during Run 11.  The remaining two half-cages would be assembled in parallel with the commissioning of the first two, and then installed and tested in the IR after Run 11 has completed.  The committee was told that the early commissioning plan would require more assembly and testing manpower than the baseline plan.

Cost / Schedule / Management
The FVTX costs appear in good shape with sufficient contingency and the collaboration is aware of the special reporting requirements of the ARRA funding part of the project.  At the same time there are a number of schedule and deliverable uncertainties that are likely to result in unplanned costs. The collaboration should explore productive uses of contingency, for example, if it were possible to speed up the wire bonding process by use of contingency it would ease a pressure point of the wedge assembly. 

The Wedge assembly is on the critical path and a particular concern is the HDI, which is nearly a year behind schedule, and a major bottleneck at the moment.  The projected timelines are very optimistic and not consistent with performance to date.  The latest contract for the redesign of the HDI is not yet placed, but delivery is expected in early-January.  The schedule assumes that this first batch will be a success and immediately translate into full production.  The successful bending process of a fully loaded HDI, some of which require two bends, has not yet been demonstrated.  All in all there are many key issues with the HDI that require major focus.  

The committee has considerable concern about the current schedule for testing in the PHENIX IR.  It is quite likely that access to the PHENIX IR will be unavailable due to Run 11 from December, 2010 through at least June 1, 2011, and possibly until July 1.  In response to a homework question, the FVTX team estimated that it would take up to three months following the completion of Run 11 for them to install fully bench-tested cages in the IR and complete the final project completion system tests.  This estimate assumes that interactions between the VTX and FVTX don’t introduce any major new problems.  The committee agrees that the latter assumption is realistic.  However, this estimate implies that it will be impossible to achieve project completion by the June 30, 2011 milestone under the baseline assembly schedule.

In principle, the “early commissioning” schedule would provide an opportunity to achieve the June 30, 2011, project completion milestone.  However, it appears to the committee that the early commissioning scheme includes no schedule float along the critical path, and several schedule risks.  There are four other major components that are within two weeks of the critical path, including the HDI.  Thus, the committee believes it is extremely unlikely that the early commissioning schedule as presented can be maintained.

The committee believes that the FVTX project team should be able to deliver all of the component deliverables enumerated in Table 3 of the Management Plan by the current project completion milestone of June 30, 2011.  The committee also believes that the project team should be able to have at least two half-cages assembled and fully bench tested by June 30, 2011.  This should provide a demonstration outside the PHENIX IR of the full system functional requirements enumerated in Table 1 of the Management Plan.  The committee also endorses the ultimate project completion definition specified in the Management Plan, which requires the additional demonstration of the system functional requirements when the FVTX and VTX are both installed in the PHENIX IR and powered simultaneously.  However, the committee does not believe that the latter can be completed by the current project completion milestone.

Recommendation 4:  The FVTX team should revise the project control milestones as follows:

· Propose a revised set of control milestones that describe the completion of key schedule goals, with realistic dates.

· Add a new control milestone associated with the successful completion of bench testing the second half-cage, with a target date no later than June 30, 2011.

· Add a new control milestone associated with the delivery of the last of the components enumerated in Table 3 of the Management Plan, with a target date no later than June 30, 2011.

· Propose a revised target date for the final project completion milestone no later than September 30, 2011, to allow sufficient time for the system functional requirements to be demonstrated when the FVTX (at least two half-cages) and VTX are both installed in the PHENIX IR and powered simultaneously.

The revised milestone table should be presented with the next quarterly report.

Commissioning and physics analysis
Given that the installation and commissioning is still about 1.5 years and two RHIC runs from now it was not expected that a detailed commissioning plan would be presented at this review.  However, such a plan will be needed well before the detector is installed.

Recommendation 5:  The FVTX team should present a detailed commissioning plan, including necessary scientific and technical personnel, at the next (2010) annual review.

In addition to hardware and electronics commissioning plans the team should also discuss the remaining simulation, reconstruction, calibration, alignment, and physics analysis software development needed, with identified manpower, in order that publication quality physics results for heavy flavor production be obtained from Run 12 data in a timely fashion. This plan should be part of a broader effort to develop and present a transition plan from the construction phase to operations and physics production at the next review.

The simulation effort has continued to make significant progress, with good progress having been made on a complete heavy flavor production and analysis chain. While it was hoped that the heavy meson blind analysis would have been completed by this review, the group presented partial results and appears to have all the main software components in place for the full simulation and analysis chain. Given the work presented it is clear that the blind analysis will be completed soon and will work.  However, the entire analysis and separation of B and D-meson yields rests on the ability to accurately simulate the DCA distributions for muons from both heavy flavor decays and backgrounds.  It is expected that the real DCA distributions will differ from those of the simulations, thus complicating the reliable determination of B and D-meson yields. 

Recommendation 6:  PHENIX and the FVTX team should develop and present, at the next annual review, a plan to experimentally estimate the DCA background distributions and to tune their simulations accordingly. The necessary personnel to carry out these studies with the Run 12 data should also be identified. 

Appendix A
Agenda for the Review of the PHENIX Forward Silicon Vertex Detector (FVTX)

Monday November 16, 2009 (Physics Building Room 2-160)
8:30
Executive session

9:00
FVTX Overview, Cost and Schedule


Melynda Brooks (40+20)

10:00
Physics Simulations




Xiaorong Wang (20+10)

10:30
Break

10:50
(WBS 1.4.1, 1.4.2) Sensors/FPHX Readout chip
Jon Kapustinsky (30+10)

11:30
(WBS 1.4.3, 1.4.4) High Density Interconnect
Doug Fields (20+10)

12:00
Lunch

1:00
(WBS 1.5.2, 1.5.3) Electronics/DAQ


Sergey Butsyk (40+20)

 
2:00
(WBS 1.4) Wedge Assembly 



Dave Winter (20+10)

2:30
(WBS 1.7) Detector Assembly


Steve Pate (15+5)

2:50     Break

3:00
(WBS 1.6) Mechanics




Walt Sondheim (15+5)

3:20
(WBS 1.8.1) Mechanical Integration 


Robert Pak (15+5)

3:40
(WBS 1.8.2) Electrical Integration


Dave Winter (15+5)









for Eric Mannel

4:00
Wrap Up and Summary



Melynda Brooks (15)

4:15
Executive Session, Homework Assignment for Reviewees

Tuesday November 17 (Physics Building Room 2-160)
9:00
Homework Response



       
FVTX Group

10:30
Report Writing

12:30
Lunch

1:30  
Close Out

Appendix B

Review Charge

The purpose of this review is to assess the progress of the project since its official start in May 2008, and the path to completion in accordance with the technical goals, the baseline cost estimate, and the schedule milestones given in the Project Management Plan.  Specific points of importance for this review are:

a. Technical progress, as measured against the requirements of the project “deliverables” and the schedule milestones. 

b. The current status of the budget and schedule performance, including the appropriateness of the remaining contingency and the adequacy of the available workforce. 

c. The effectiveness of the management structure for the project, based on progress to date and the Committee’s assessment of the plans to complete the project.  

d. Any other issues the panel feels may need to be addressed to ensure successful completion of the project. 

The panel will also be asked to comment on the project team’s responses to the recommendations from last year’s review.
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