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1.  Introduction

The purpose of the review was to examine the present status of the STAR Endcap Electro-magnetic Calorimeter (EEMC) construction project with regard to its cost, schedule, and management, and to assess the collaboration’s plan to complete the project.

The EEMC will provide photon and electron/positron detection for STAR, in particular for the determination of the gluon contribution to the nucleon spin via the measurement of single photons in polarized pp-collisions. The technical solution that has been selected for the EEMC is that of a sampling calorimeter with alternating layers of lead and scintillator. The light from the scintillators in a projective tower is collected by embedded wavelength shifting fibers, and transported to PMT’s . Separation of single photons from pi-zero decays will be achieved by a fine-grained scintillation counter hodoscope located at the position of the shower maximum. The light from the hodoscope elements is read by Multi-Anode PMT’s. Photomultipliers and readout electronics are located in magnetically shielded boxes located on the outside of the STAR poletip.
The EEMC project is supported by a sizeable number of collaborating institutions that take responsibility for the construction and integration of the components, with project management residing at IUCF. Financially, the project is mainly supported by the National Science Foundation. 
The project, which started in the last quarter of CY1999, has made good technical progress. Mechanical structure fabrication, scintillator machining, and electronics design problems have been solved. In the summer of 2002, the lower half of the mechanical structure has been installed on the STAR poletip. Four (of the twelve) sectors have been instrumented, and are presently contributing to the STAR data acquisition and to the trigger. The second half of the mechanical structure is scheduled for installation during the upcoming RHIC maintenance period. Completion of the remaining fabrication and installation activities on a tight schedule will be a challenging task. 
However, the main problem facing the project is the financial situation. Project management recently discovered a budget shortfall of $1.5M. Initial attempts to solve the problem involving IUCF alone have failed. A plan has been presented to cover the shortfall with contributions from a variety of sources, including new collaborators. If the additional funds cannot be secured, dramatic steps will have to be taken on a short time scale to ensure that the partial EEMC detector available for STAR operation in 2005 will be optimal for the physics program, and will give the maximum acceptance possible for the resources available.      

The review committee would like to thank the presenters and the EEMC management for the informative presentations and the open discussions. The response of the committee and the recommendations are given in the following sections. 

2.  Technical and Commissioning Status
The EEMC is a lead-scintillator calorimeter with 720 projective towers arranged in twelve 30-degree sectors. The scintillator is made in "megatile" units with optically separated tiles read out by scintillating fibers. Provision is made in the tiles of the first two layers and the last layer of the calorimeter for a second fiber to be used for pre- and post-shower (PSD) readout. There is also a shower maximum position detector (SMD) of extruded triangular cross-section scintillator strips, each read out with a scintillating fiber. Clear fibers route the light to PMTs (for the towers) and MAPMTs (for SMD and PSD) on the back of the STAR pole-tip.

All of the component parts of the calorimeter are in various stages of production, assembly, testing, and installation in STAR. Both halves of the mechanical structure holding the lead plates are finished. The lower half was installed in 2002, and the upper half is about to be shipped from Indiana for installation in 2003. Four sectors were instrumented in 2002 in a heroic effort; the committee had expected 2-4 to be installed, so the accomplishment is impressive. A similarly intense effort is planned for the 2003 shutdown for further installation of the megatiles and fiber bundles, and for performing non-beam setup and calibration.

All indications are that the collaboration is building an excellent calorimeter which will have the required performance for the STAR physics program. The committee congratulates the group on the technical achievements so far.

2.1. Megatiles

Production is well along, with 90% of the regular and 40 % of the bulkhead megatiles finished and tested. The bulkhead megatiles are mounted at the edges of the two halves of the calorimeter. There has been some difficulty machining the grooves in the PVT based scintillator plates of the PSD layers, leading to problems inserting the fibers. However, new machining techniques are now in place which solve the difficulties. Thickness and fluorescence measurements on samples of the scintillator during production indicate that the light output variation is well within design tolerances. Measurements with cosmic ray muons show a photoelectron/mip yield of 2 at the inner radius tile, increasing to 3 at the outer radius tile, again meeting design. (The pre- and post- shower layers 1, 2, and 24 have about twice the photoelectron/mip yield.) The average light output as a function of layer in a given tower is constant to 1%, indicating no l/A scaling. The crosstalk between tiles in the same megatile is less than a few percent.
2.2. Fibers

Fiber production at MSU has been keeping pace with megatile assembly, and quality control leads to a rejection rate for the WLS and clear fibers of only 2 to 4%. Harness production for the PMT boxes is more than half complete. Only 3 MAPMT harnesses are finished. These have a complicated mapping of SMD channel to MAPMT pixel, designed to minimize the reconstruction of false shower distribution signals. There are no expected obstacles to continue the production, which continues to be a large, complex, and well-run effort.
2.3. PMT/MAPMT boxes, tubes and bases

The PMT boxes are in production with no difficulties expected, although finishing and installing them in 2003 will be a challenge. Shielding has proven adequate, with less than 1% gain shift in the PMTs when the STAR field is turned on. The assembly of the MAPMT boxes is just at the beginning, with some components on the critical path for the 2003 installation.

The MAPMT base design appears excellent. There are worries about production timelines, due to shipping and customs problems with Russia. Final assembly of the MAPMT boxes will be done at IUCF. One box is done, but unfortunately it was not completed in time to be installed in STAR for the current pp run.

2.4. SMD

The production at Argonne has been proceeding very well. The peak-to-base and base dimensions of the triangular cross-section of the strips are identical over the production to 1.2%, and the strip separation in the glued modules is better than the 0.3 mm tolerance. The light yield is better than design, ranging from 4 to 8 pe/mip (for mips traversing the middle of the strip) except for the few strips at the edges of the modules, where the light output is still above 2 pe/mip. The attenuation length in the strips is excellent, about10 meters. The precalibration with cosmic ray muons is not quite at the 10% level, but is nevertheless adequate. However, the relative light output from the strips in one module compared to the next using the same readout has a distribution with a 10% RMS, which is at the design level.  Production should be finished by September.
2.5.   FEE
The tower FEE is essentially done; it has been operating well in the four installed sectors and has been integrated into STAR DAQ. The MAPMT FEE is a very challenging system, with everything up to and including the digitization squeezed into the MAPMT boxes. The committee has admired the design concept in the past, but was worried about the aggressive schedule and possible problems with noise and cross-talk, given the close proximity of analog and digital electronics. There have been serious delays, but since the hiring of a new engineer at IUCF the project has been proceeding well. One box of FEE has been produced and assembled. A dedicated design review committee on May 2 gave a very positive report and a green light for production. Our committee is also impressed with the design and performance in bench tests. For example, there is a very nice reset circuit, whose timing can be easily changed from taking physics data to the longer integration time needed for taking source scan runs. However, unforeseen problems with noise, crosstalk, etc. could still arise when a full system test is performed in STAR. This test is a matter of some urgency before the production of the FEE is too far advanced.

2.6.   Trigger and DAQ

There have been no serious problems in integrating the EEMC into the STAR DAQ. The design of power for the crates of the tower FEE has proven to be better than the solution for the barrel calorimeter. The EEMC has already been incorporated into the L0 trigger, in particular for the "high-tower" trigger, but also for the "jet" trigger based on summed transverse energy in detector "patches". The jet trigger is at an earlier stage of commissioning. A problem of summed pedestals after truncation of the lower 4 bits arose in the jet trigger, but has been solved by re-burning FEE PROMS to permit pedestal adjustments.

2.7.   Calibration

Transfer of the mip calibration (with cosmic rays) at Indiana to the installed detector at STAR is accomplished with a source scan in the SMD gap, which samples a few layers on either side of the gap. At STAR the voltages are set to get the appropriate gain scale for the FEE. A shortage of time along with teething troubles with the source led to an incomplete source scanning program. However, the collaboration is also setting the gain scales using isolated Level-zero trigger tracks, and by matching the response of towers at the same pseudo-rapidity but different azimuthal angles. Currently, the mass scale for reconstructed pi-zero and eta mesons is considerably off the mark. Photon reconstruction is difficult without having the SMD readout. However, it is early in the data analysis and understanding process, and the committee is not overly alarmed at this stage, since a good pi-zero peak at the right mass was seen in the prototype EEMC+SMD detector used as a forward pi-zero detector at STAR.

The LED system for checking the phototubes is operational and is being used. The laser system has not yet been used, but it  is important to carry out the "leaky fiber" test with laser light as soon as possible, in order to be convinced that all layers of the megatiles are contributing to the tower energy sum, and that there has been no damage to the fibers and their connections during installation.

3.  Costs and Plan to Complete the EEMC
The STAR EEMC collaboration has made good progress since the last Review in establishing the technical soundness of the detector concept. This was realized through the initial complement of tower readout modules in the STAR detector for the run taking place in the winter of 2003, and through bench tests of a full crate of prototype SMD electronics. As a result we consider there to be a relatively low technical risk associated with the completion of the project. The cost estimate to completion is generally sound. The STAR EEMC Collaboration presented a total cost to completion of approximately $1.36M with a contingency of $131k. A detailed breakout of the contingency analysis, which has been generally calculated on the basis of actual construction costs, was not presented to the committee. Despite the maturity of the project, this contingency nonetheless appears somewhat low for a project which has approximately 18 months of construction and installation work remaining. In particular, the contingency given for production of the SMD electronics is less than 10%. Since only bench tests of prototypes have been carried out, this contingency should be significantly higher (it is our estimate that a contingency of 20 to 25% is more realistic). A more explicit discussion of costs and contingency should be made at the breakpoint meeting, which is one of the recommendations in the report of this committee.

The committee was surprised by the significant cost overrun on the EEMC construction. This presents a significant concern with regard to the construction of the complete EEMC endcap, and a risk to the capability of the STAR detector, which can be envisaged for the RHIC run to begin in the fall of 2004. The STAR EEMC management presented a rough plan to deal with this difficult situation. However, it is the opinion of the committee that a more aggressive and more explicit plan should be prepared to maximize the performance of the detector in the near future while retaining the capability of completing the EEMC should the necessary funds become assured. To do this we suggest that the EEMC management develop such a plan to cover the work that could be accomplished for a maximum of $900K. Not as a recommendation, but rather as guidance for such a plan we present a strawman scenario below. At its heart is the premise that the SMD detector is essential for the core physics program of the EEMC and that the acceptance is approximately linear until more than half of the EEMC is instrumented. The collaboration should also take advantage of the capability in the EEMC to move SMD readout electronics for use in the readout of pre- and post-shower detectors if desired. 

Strawman Plan 
Complete all construction and installation activities with the exception of the following:
1. Complete megatile manufacturing at IU, but make no spares.

2. Procure no additional MAPMTs

3. Fabricate sufficient SMD electronics to instrument 210 MAPMTs, and initially use all of this electronics for SMD readout

4. Consider the production of fiber harnesses as taking place in two functional groups: completion of 45 sets; and completion of 60 sets. The second of these groups should be assembled only if sufficient funding is assured. 

One would reconsider these tasks (in reverse order) if the necessary funds were obtained (though in our opinion it is unlikely that one would ever need spare megatiles). The STAR EEMC $900K plan should be provided to BNL and STAR management in a timely fashion.

The timing of these decisions is crucial, and should be tied to the expected timeframe for the knowledge of funding to be clear. Therefore, we recommend that a “breakpoint” review be held in the month of July 2003 to review the technical progress (in particular on fiber harnesses and electronics) and the funds that are assured for the construction of the EEMC. In addition, monthly tracking of costs and accomplishments should be provided to STAR and BNL management.

4.  Management

For a project of this magnitude, distributed over several sites, it has been managed in a rather informal style with limited application of project management tools and an extremely lean

management team. This style is characterized by very optimistic projections, aggressive schedules, limited project tracking ability, heroic efforts to maintain schedules, and strong self-confidence. Although the technical performance has been admirable, the combination of these qualities with limited management manpower has led to some serious problems, most notably a large cost overrun.  The effects of this overrun were exacerbated by a lack of transparency.

When it became evident that the cost overruns were exceeding the contingency, the response of the project team was to seek supplementary funds from within IUCF.  They neither sought advice and assistance from outside nor revised their plans to bring the total cost in line with their assured resources.  They did not inform the STAR or BNL management or the NSF until the supplementary funding plan failed several months later.  The apparent lack of any change to the

management style in response to the mounting overruns is troubling.

The near term installation plan seems to have significant schedule risks.  One important factor is the late start on critical items like the pole-tip pin and the upper half lifting fixture.  These items are indeed straightforward to manufacture, but the consequences of delay are so serious, it should have been obvious these needed an earlier start.

5.  Recommendations
1. Develop a plan to produce a detector that is functional for the physics program consistent with a $900k funding cap, including a staging plan for the completion of the full detector.
2. Together with STAR and BNL management, organize monthly meetings to track the project’s technical progress, cost, and schedule performance.

3. Conduct a project review in mid-July to review technical and funding status, and decide on the course of action on the basis of assured funding.
4. The committee reiterates the urgent need for STAR management to be closely involved in all aspects of this project.  
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