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The STAR HFT project was reviewed by a committee that was charged by BNL to assess the project’s readiness for a DOE CD-2/3 review scheduled later in the year. The committee members were Ralph Brown (BNL), Axel Drees (Stony Brook University), David Lissauer (BNL), and Rick van Berg (University of Pennsylvania).  BNL and members of the review committee would like to thank the HFT project team for preparing the presentations and back-up documentation evaluated in this meeting. 

The STAR Heavy Flavor Tracker (HFT) is a four-layer silicon vertex detector which will be located inside the existing STAR Time Projection Chamber and just outside a new, small-diameter beam pipe currently under construction.  The HFT will enable the STAR experiment to both identify charm hadrons using topological reconstruction, and separate open charm and bottom particles by tagging their semi-leptonic decays. The HFT is a DOE MIE project with a total project cost at CD-1 in the range of $15.5M - $17.8M. Funding is to come from a combination of DOE capital funds and redirected funds from BNL and LBNL. The HFT received CD-0 approval in February 2009 and CD-1 approval August 2010.  The CD-2/3 review is scheduled for July 2011.  

Scientific Justification

Findings:

· The STAR HFT upgrade’s scientific objective is to enhance the understanding of QCD energy loss and properties of the sQGP produced in at RHIC.  This is achieved through the measurement of open heavy flavor production at RHIC. Open heavy flavor is identified by the characteristic decay length for particles carrying open charm or bottom. The HFT is a precision vertex tracker comprised of three subsystems with progressively improved tracking resolution as the interaction point is approached.  The outer layers are two types of silicon strip detectors SSD and IST, the inner two layers are active pixel detectors PXL and provide the necessary resolution to measure decay vertex. 

Comments:

· Scientific objectives, tracking strategies, requirements driving the HFT design, technology choices and corresponding measurement strategy were not presented at the review. While the physics motivation is not the focus of a CD-2 review, the physics case for heavy flavor measurements with heavy ion collisions at RHIC in 2015 needs to be clearly stated.  

· One of the recommendations of the CD-1 review was to ”compare the significance of planned charm and beauty measurements to be done with the HFT to similar measurements expected from the upgraded PHENIX detector. Comment on how significant an advance in theoretical understanding of energy loss and flow for the hot-dense medium the HFT would provide compared to the earlier anticipated PHENIX measurements.”  The HFT group prepared a response document that was available to the review committee. This document comes to three conclusions:

1. The theory development in the area of energy loss is progressing rapidly and it is not obvious what it will be in a few years. It is, however, safe to say that quality data are the requirement for theory progress.

2. All measurements by STAR based on topological reconstruction are original and without competition at RHIC.

3. PHENIX and STAR will both measure charm/beauty production cross sections from the electron spectra.

The first point is true, but PHENIX as well as the LHC experiments will provide quality data in this area before 2015. The second point states that STAR will be the only experiment in 2015 with topological reconstruction of open heavy flavor particles. While the PHENIX upgrades are not designed for topological reconstruction of decay vertices, they do have some capability and it remains to be seen what the ultimate performance of the PHENIX upgrades will be. None of the three bullets seem to present the physics case for the HFT in the most convincing way. 

· The second recommendation from the CD-1 review, to address the impact of a 0.6% radiation length inner PXL layer was sufficiently addressed in the response document. 

Recommendations: 

· The response to CD-1 physics questions should be improved. In particular, strengthen the physics case for heavy flavor measurements in heavy ion collisions at RHIC in 2015 taking into account anticipated progress at RHIC with PHENIX upgrades and at the LHC. 
Technical Status

Finding:

· The HFT project is an ambitious upgrade composed of three tracking subsystems using different technologies.  The projects seem to be technically mature and have or are near having final prototypes on most of the critical path items. The detector PXL, IST and SSD systems are going to be mounted inside the STAR TPC in a new carbon fiber mechanical support system.

· A grounding and shielding plan with a global view of the HFT project exists.
Comments:

· The mechanical assembly sequence seems well understood and well thought out. It is in good shape for a CD-2 review.

· The common mechanical structure is a unifying element for the project.

PXL
· This is an aggressive sensor technology, apparently with good initial prototype results (no data, just a verbal statement).
· The aluminum cable is very aggressive. It relies on the CERN printed circuit board shop which is capable of very good work, however aluminum cable technology is worrisome and has been problematic in many previous attempts.
· There is a well defined development plan
The cost and schedule seem plausible – no detailed examination was done by the committee.

IST

· Commercial sensor vendor, custom design, probably small risk
· The IST uses a CMS readout chip, so it is well understood electronics
· Readout is the same as FGT so it will be well understood by time in use by IST
· Liquid cooling is unique to this subdetector. This cooling choice was not clearly explained. The chip temperature declared max was very close to calculated temp rise – is there any margin – where do the “max” numbers come from?
· The schedule is clear, but development strategy / test plan is a bit less clear than the PXL
The cost and schedule seem plausible but no detailed examination was made.

SSD
· Reuse of silicon sensors with new electronics, cooling, infrastructure seems OK, but is there a risk associated with disassembly of the old detector? 
· Description of electronics was extremely vague at the very front end (is the analog front-end reused, if not how is that handled on the ladder board with very long cables?). The readout board description is clear.
· Costs are modest and schedule seems plausible but cost details are lacking and some items seem implausible.
· New ladder board may be a bit aggressive – possible worries about rigidflex (production yield and mechanical stress on ladder mechanics might be issues)
· Development / production plan seems well thought out though relatively distributed project team for such a small project is a modest worry.
Recommendations:

· Radiation dose effects such as SEU and long term dose effects (e.g. on sensors, front ends, commercial devices, optics and FPGAs) should be tabulated for all sensors/boards along with estimates of rates at the various HFT locations and lists of tests results to date and, if needed, any planned mitigation strategies. 
Investigate whether the cooling fluid chosen for the IST is sufficiently radiation hard – presumably its a fluorocarbon compound and some can make hydrofluoric acid under radiation damage – not a good thing.

Project Management and Integration

Findings:

· The three subsystems are managed from LBNL, MIT and BNL. The system integration and overall management is done at BNL.  

· The HFT upgrade will be installed in an ongoing experiment. This increases the complexity of the integration design as many of the interfaces are already defined and cannot be changed.

Comments:

· The communications between the project and the experiment appears to be minimal as is the integration between the three tracking subsystems. The impression is that these are three separate upgrade projects. 

· The HFT lacks sufficient commonality in the support systems of the three subdetectors. No common cooling plan, common LV & bias power supplies or software was presented. However, the mechanical effort was shown to be well integrated.

· The project management office appears to lack the necessary engineering oversight from the project office prospective in the form of chief mechanical and electronics engineering. These resources would assist the project manager in resolving technical, schedule, review, work planning, and change control and documentation issues across all subsystems including integration and STAR Operations.

· There does not appear to be a staging plan. 

· The long bars on the schedules presented do not convey much information.
· The overall cost totals seem plausible but there was insufficient detail available to comment usefully on cost derivations. 
· The cost spreadsheets for the various project components need to be in the same format. As presented they were in very different formats with different levels of detail and no obvious underlying support (except for IST with plenty of support minutia but no obvious overview)
· The manpower needed and available for the project seems to be small especially in the case of the IST and integration. 

Recommendations:

· Strengthen and formalize the communications between the STAR collaboration and the project. Interface issues, priority, scheduling should be discussed and agreed formally in that forum. (If it exists it was not visible in the presentations.) 

· Strengthen and formalize the communications and reporting lines between the project integration functions and the experiment.

· The project management needs to be strengthened with a part time Mechanical Engineer and a part time Electronics Engineer. 
· The integration role should be strengthen and include among other issues: envelopes, location of services, detailed routing of services, grounding rules etc. 
· The project needs to show that they have established engineering design and documentation standards that all subsystems must follow. This should be integrated with STAR Operations documentation requirements. A common database has been established where all project documents need to reside and can be accessed by the project and STAR. Decide on drawing standards, number system, ECR/ECN, work controls, technical note and procedure formats to be followed. The project needs to develop an internal mechanism for identifying, documenting and resolving engineering change control issues. 

· There needs to be a plan for detector installation presented based on delivery of components and STAR detector configuration and operation. The project needs to demonstrate mechanical techniques required for component assembly, installation, access, logistics, support in STAR, and support of the vacuum beam pipe. There needs to be better communication of project integration and installation requirements with STAR Operations.
· Safety reviews and reporting lines should be visible on the org. chart and known to all subsystem managers. 
· Change control – the role of BNL oversight management should be clarified and visible on the change control chart. 
· Draft MOUs should be discussed with DOE NP ASAP. There is no need to wait for a final draft. 
· CD4 deliverables should be defined as clearly as possible. The CD-4 deliverables should be clearly achievable on the time line promised. 
· The collaboration should prepare in an easily accessible format (like a book) the following information: WBS, WBS dictionary, Cost Book, schedule and a short overview of the scope of the project with a few transparencies and tables. (Enough so that a reviewer can check to see if the cost estimate is right).
· Contingency should be assigned to the individual items with possibly a much smaller general contingency to take into account currency fluctuations, foreign contributions and other contributions that are not assured by DOE.
· Employ a uniform Risk analysis. 
· The schedule should show Key milestones with dates. 
· The presentation of the “redirected” funds is confusing. Suggest it is treated separately – and just mentioned that it will be tracked by the project.
· A clear statement of the objectives of the 2012-13 Pixel engineering run should be made. 

· Needed resolution should be stated in the three dimensions: Z, R-Phi, and R. We assume the stated resolution is in R-Phi and that the other dimensions are significantly larger.

· Define and agree on what are the requirements for:

1. Placements:

2. Accuracy on a ladder –

a. ladder relative a neighboring ladder on the cylinder

b. Placement of the cylinder in the experiment 

c. Survey accuracy – how well do you need to know the locations before the beam?

3. Stability – over what period of time?

4. How well do you need to know the locations for tracking?

5. Any calibration and/or active monitoring systems?

· FY14 installation does not seem to be very probable. The project should present a plan for FY15 and possibly mention that if all goes well one might be able to complete a partial (or total) installation of the system by FY14.

Recommendations for the CD-2/3 Review

· The CD-2/3 review should be opened by a presentation from STAR management stating the role of the HFT upgrade in the future STAR physics program, making the HFT physics case, and illustrating how it is achieved.

· At the CD-2/3 review the HFT tracking strategy and performance should be presented.  Relate key performance parameters for CD-4 in terms of specifying radiation length, alignment and stability, as well as efficiencies to the anticipated performance.
· The introduction and the individual talks need more description of what the detectors are – not just pictures but numbers – how many channels, dimensions of a single pixel or strip, how long, how massive, how fast is the readout, how much power, etc. The STAR timing and trigger model needs to be described in an introductory talk.
· A brief overview of potential HFT radiation damage effects would be useful. 

· The manpower slides did not seem very useful – maybe more confusing than helpful in some cases.

· Schedule slides should have dates not just quarters.

· Each subsystem should bring sample components for the CD-2/3 committee to see and touch, to demonstrate size, geometry and progress.
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