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End Cap Muon (WBS 1.1)

Below are the recommendations from the May 2001 DOE/NSF Review Committee for the EMU subsystem of the CMS detector.

1. Add an ML2 Milestone, “Begin Chamber Installation at CERN”.

Response:

L2 CSC installation milestones added into the CMS schedule V31 following the agreement with the CMS Technical Coordination at CERN.

2. Add ML3 Milestones, “6 ME2, 3/2 Chambers Assembled and Tested at UF”, and “6 ME 2, 3/2 Chambers Assembled and Tested at UC.”
Response:

New milestones for assembly and testing at UF and UCLA incorporated into CMS Schedule V31 following the agreement with the CMS Technical Coordination at CERN

3. Identify and resolve Integration and Commissioning issues with international CMS within the next year.
Response:

Most of the integration and commissioning issues related to the installation of stations 2 and 3 (beginning in fall of 2001) have been resolved. The EDR on the integration of stations 2,3 is scheduled at CERN for December 11 and 12 of 2001

Hadron Calorimeter (WBS 1.2)

Below are the recommendations from the May 2001 DOE/NSF Review Committee for the HCAL subsystem of the CMS detector.

1. Maintain a strict schedule for HPD development and act promptly to implement schedule mitigation should additional delays appear.  Pursue additional stability testing work aggressively.

Response:

The procurement schedule has been activated by CERN and DEP will deliver the initial 20 production HPD's by mid-December. The schedule is written into the contract, which also contains clauses covering penalties for late delivery. In fact, we now have the first 4 production tubes in Minneapolis and will begin quality assurance this week of Nov 5. We have done numerous tests on the aluminized tubes, but we will proceed immediately to put all tests (except accelerated aging) by mid November. We have already studied the diode with the AR coating, which we received earlier, examining reflectance and AC crosstalk.
2. Identify an appropriate physicist to lead the installation effort at CERN.

Response:

Pawel de Barbaro will take up residence at CERN in June/July of 2002 (indefinitely).

3. Complete final design decisions on schedule, including:

· The decision on lay 0 readout (in June)

Response:

We have decided to omit layer 0 for both HB and HE. This decision was approved by the CMS Collaboration Board in June with the caveat that it should be possible to retrofit a layer 0 readout in the future if the data analysis requires it. We can include a layer 0 readout later if necessary at a considerable additional cost. 

· The number of channels per HTR fiber and the use of PAROLI technology (within six months)

Response:

We have decided on 3 HCAL channels per HTR fiber and 2 x 24 (48) channels per HTR card, saving on both fiber and crate costs. The PAROLI's have been abandoned in favor of Stratus Light's dual optical LC connectors. At this time, the PAROLI's are difficult to procure, and the single-channel failure rate too high, to make them viable for the HTR front-end. The LC duals have come down in price so as to be sufficient for our purposes. We are building a prototype card now with 4 dual LC connectors and will be able to fully evaluate this choice in the next few months.

· Physics driven crosstalk specification for the HPD (June 2001)

Response:

We have speced the HPD at less than 3% cross talk integrated over all pixels. The current version of the HPD meets these specs.  Slides prepared at Minnesota have produced less than 1% crosstalk since the AR coating is minimized at exactly 520 nm.  The diodes made by DEP, of which we have measured 6, show that they can achieve 2%-3% using sputtered amorphous silicon at a slightly lower than optimum wavelength minimum. A production diode with final AR coating, which was installed in an HPD, was also tested and shown to be adequate.  We may request additional optimization of the AR coating, but only if it does not impact on the schedule.

· Others

Response:

Wedge 16 of HB- was damaged in shipment from building 186 to SX5 at CERN. This incident pointed out a problem in liability/insurance coverage. This problem is being worked on by CERN CMS management.

4. Maintain the schedule in the front end electronics without additional slippage to preserve the opportunity for the planned additional submission and even one further submission if that should become necessary.

Response:

The first QIE submission is back. Generally the QIE's work fine at 38 MHz but not at 40. The engineers think this is an easy problem to fix. At present the engineers are working on the QIE noise once it is connected to the HPD. The noise level for an unconnected QIE is as calculated in a SPICE simulation. The engineers are working on understanding the cause of the noise levels being well outside the specs. One cannot estimate the need for one or two additional submissions until the noise is understood. The first CCA submission is back. The chip seems to work OK

5. Complete the test of the wire source drive system in the full magnetic field within six month.

Response:

This task has not been completed. It is expected to be finished this month.

Trigger and Data Acquisition (1.3)

Below are the recommendations from the May 2001 DOE/NSF Review Committee for the TRIDAS subsystem of the CMS detector.

1. The Rice and Wisconsin groups should each pursue funds to maintain the level of their post-doc involvement on the CMS trigger effort.

Response:

Both Rice and Wisconsin groups have applied to DOE for funds to maintain the level of their post-doc involvement on the CMS trigger effort. In addition, the US CMS Project Manager, Dan Green, has given this funding a high priority in his presentation to DOE for Base University Program support for US CMS in September. As of this moment, we do not have a definite response from DOE on the funding allocation for CMS efforts at Rice and Wisconsin.

2. As recommended at the April 2000 DOE review, the DAQ group should add a physicist or software professional familiar with data acquisition to the data acquisition effort.

Response:

It is truly urgent to increase the level of DAQ and High Level Trigger effort in the US.  So far, funds to add a postdoc to the DAQ effort in the US have not been forthcoming.  The project has put a high priority on adding a postdoc to work on DAQ/HLT at UCSD.  At this time, DOE has been receptive to this idea but has not yet allocated funds.  We hope that funds will be allocated by the beginning of 2002, but cannot be confident at this time.

Electromagnetic Calorimeter (WBS 1.4)

Below are the recommendations from the May 2001 Review for the ECAL subsystem of the CMS detector.

1. Design a procurement strategy before the next quarterly review that minimizes time delays in purchasing.

Response:

The delays in question were the rate at which funds are transmitted to LBL from Fermilab. The L2 manager has worked closely with the LBL group to define as accurately as possible the spending plan for the current fiscal year to minimize the need for changes later. The L2 manager is working closely with the Project office to ensure that transfers to LBL are expedited in a timely fashion.

2. Intensify communication and oversight of the CERN bit serializer effort.

Response:

The bit-serializer project, and full responsibility for it within ECAL, has been transferred over to CERN.

3. Devise a chip testing strategy before the next quarterly review that optimizes schedule performance.

Response:

A complete plan has been developed and costed for chip testing to be done in-house at LBL. The ECAL collaboration is currently investigating alternative approaches. Final decision whether to adopt the LBL plan will be taken at the December collaboration meeting.

Forward Pixels (WBS 1.5)

Below are the recommendations from the May 2001 DOE/NSF Review Committee for the FPIX subsystem of the CMS detector.

1. Add a person immediately to work on the bump bonding task.

Response:

Support has been made available to UCD for a technical person working towards identifying a reliable vendor for the CMS FPixel. In addition, the new manpower will help in bump bonding prototype units. Presently, Gary Grim, formerly at UCD, has assumed this position part-time.

2. Evaluate the risks and benefits of the available bump deposition and bump bonding vendor.  Select one with whom to concentrate further development effort by August 2001.

Response:

The bump bonding market is being explored in depth, by contacting the major companies in this business and especially by learning from the experience of our counterpart at the Atlas experiment. This study has assessed the level of experience and production capability for each potential vendor, as well as the expected availability when we anticipate being in a production stage. We have concluded that we should continue our R&D with MCNC. This is due to the limited production volume of vendors capable of bonding our detectors, and their availability when needed. Secondly, is the fact that the BTeV group at Fermilab is extensively involved in bump bonding R&D with MCNC. Our US CMS FPix group is participating in this effort. 

For the moment MCNC has successfully bump bonded blank ROCs to blank sensors. The bonding yield has been very high. This company has nevertheless failed to bump bond real ROCs to sensors produced by SINTEF (in the same submission as our sensors) for BTeV. The difficulty is in the processing the sensors because they require metallization on both sides. A number of solutions are being investigated, and at the same time Dick Lander (UCD) is contacting IZM in Berlin. This choice is based on the extensive expertise in bump bonding of this company and also in the fact that our colleagues from the CMS Barrel pixels are negotiating their bump bonding needs, with IZM.  

3. Fully consider the consequences of a change in pixel size or other ROC features, if proposed, with a top-to-bottom evaluation of system effects.

Response:

The translation of the ROC from the DMill technology into the ¼-(m will have a major impact on the cost and schedule of the following tasks. Details on each task are given later.

a)
ROC: testing of the prototype and the preproduction ROC (¼-(m) with and without sensors. 

b)
Sensors: the design, prototyping, and testing of sensors with the pixel size of the new ROC (150(m x 100(m), must be repeated. 

c) Bump Bonding: of the new prototype ROC (¼-(m) and sensors. 

d) VHDI&HDI: Both VHDI and HDI must be redesigned and prototyped because of the new pin assignment of the ROC in ¼-(m. 

e) Assembly labor: An increase in technicians to complete the assembly of the detector on schedule is required. 

ROC:

The submission of the final version in DMill technology (PSI43) is scheduled for the end of November ‘01. The chips are to be delivered in Spring 2002. The translation in ¼-(m is to start soon after this submission and it will require 6 months to one year. For the ¼-(m version of the ROC, we anticipate first a “prototype submission” followed by a period of testing and modifications to the original translation, leading to a “preproduction” and more tests. The “production submission” will then follow these two trial submissions. Although this task is the responsibility of our collaborators at PSI, it affects every aspect of the CMS pixel schedule. Testing and familiarity of this new chip at different stages of prototyping is a must in order to test the components of the readout that the US is responsible for (TBM-Hub and FEC). In addition, the entire readout chain, as well as its individual components, must be tested each time a major design change is introduced. This is necessary to ensure that component as well as the full system performs to specifications.

This task will involve the cost of procuring prototype wafers, the salary for the labor to test these wafers, and the cost of the instrumentation needed to handle 8” wafers.  Instrumentation for a probe station dedicated to the test of ROCs is also required.

Sensors:

Our second sensor submission with SINTEF has been submitted in September and the detectors are expected in April ‘02. It includes devices with pixels of 150(m x 150(m, to test the ROC in DMill (PSI43, 52 x 53 pixels, to be submitted soon). In addition, it also includes sensors that match the geometry of the ROC in ¼-(m technology; a matrix of 52 x 80 pixels with dimensions of 150(m x 100(m. The outside dimensions of this ROC are almost identical to the ones of the DMill chip. These sensors will allow testing the first prototypes ROC in ¼-(m.

Before the procurement of the final sensors is placed, a new prototype sensor submission must be carried out and then the devices tested. This prototype submission is essential, but will add delay to the project because both prototype and production submissions require 6 months each. 

Additional funds are required for the additional prototype submission ($100K), for the manpower to layout the wafer, and for carrying out the necessary tests.

Bump Bonding:

This task will increase its cost because of the following reasons: 

a) UCD will bump bond, with a fast turn around time, prototype detectors and ROC (¼-(m) for system tests. This institution is not equipped to handle 8”wafers, but they will deposit in bumps on sections of a wafer with a size that can be accommodated in their mask aligner. This work will require funds for the salary of technicians, for new masks, and for clean room usage. It will not need costly new hardware.

b) In addition, the vendor selected for bump bonding the final production must prove he can master his process for wafers in ¼-(m. He will process a few wafers. The yield will be measured and then the samples used for system tests. Processing 8” wafers is more costly than the 4” ones. It requires instrumentation capable of handling the large size wafer and more steps are needed, such as wafer thinning. The yield is expected to be somewhat lower than for smaller wafers. 

This prototyping will be rather expensive, and so will be the production run.

VHDI/HDI:

The ROC in ¼-(m technology has a different pin layout that its counterpart in DMill. This will require a redesign of the VHDI. Before ordering the final circuits, a prototype submission is necessary. The VHDI and possibly the HDI also have discrete components and this requires a pick and place assembly step. We do not anticipate the need for a preproduction run of the VHDI. We also plan to start testing the HDI as a PC board circuit leaving only its production as a flex circuit.    

This task involves the cost of the additional prototype samples, of the manpower needed to produce the new layouts, and then test the samples. The expenses for the placement of components must be added because it was not included in the original costing.

TBM/HUB:

The TBM will need to be translated in ¼-(m technology. This involves a translation from DMILL followed by a prototype submission. The new TBM will be tested, most likely the design modified and a pre-production submission will follow. New samples are evaluated and the final production submission can then take place. Again, because this chip must talk to the ROC, the TBM can only be finalized after the pin assignment to the ROC is final (this means after placing the order of the final ROC).

This new task, will add to the cost of the project, the cost for the manpower to translate the chip, for two submissions, for prototype and pre-production, and then for the labor to evaluate the chips. 

Tech for Assembly:

The increased number of prototyping required by the new ROC will delay the assembly of the detector by one year. According to the present LHC schedule this will leave one year and a half for the assembly and commissioning of the detector. To carry out the additional tests and complete the assembly in considerable less the time, we estimate needing one additional technician for 2 years.

Summary of changes in cost and schedule of the US-CMS Pixel project.

A top-to-bottom evaluation of system effects as a consequence of the translation of the DMill ROC into ¼-(m technology shows that the cost of the project is increased by $1M and the time available to assemble the detector is reduced from 435 days to 327.  

A list of new tasks and their cost are given in Appendix I. A revised schedule is presented in Appendix II.

4.
Explore the addition of one or more Fermilab or Sidet physicists.

Response:

The request has been submitted to the Fnal management and a reply will be forthcoming.
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Common Projects (WBS 1.6)

Below are the recommendations from the May 2001 DOE/NSF Review Committee for the Common Projects subsystem of the CMS detector.

None

Project Office (WBS 1.7)

Below are the recommendations from the May 2001 DOE/NSF Review Committee for the Project Office subsystem of the CMS detector.

Cost Estimate

1. Complete the revised estimate to complete for all work, including installation and commissioning work, and process the baseline changes as appropriate by the next major DOE/NSF review, May 7-9, 2002.

Response:

In the meantime, the P.O. accepts revisions monthly. Keeping the project file up to date is strongly encouraged by the P.O., since an accurate representation of the project is needed for effective management. At any instant in time, the P.O. strives to have as good estimates as can be obtained. The baseline changes arising from the refined estimates are also processed on a monthly basis. In addition, the P.O. has initiated the closure of all tasks completed more than one year ago, again on a monthly basis. The actual costs of closed tasks are then used to compute the Estimate at Completion (EAC). This procedure yields a refined and improved estimate of the project cost.

2.
Perform a revised detailed contingency analysis, for all work remaining including installation and commissioning work, by the next DOE/NSF review, November 15, 2002.

Response:

In the meantime, US CMS is working with CERN and CMS on a revised schedule – V31. This schedule and the associated installation and commissioning tasks are part of the ongoing planning of the P.O. As such, new tasks and tasks which become better understood are assigned a contingency at the lowest WBS level using the standard US CMS project methodology. An intensified effort will be made on the contingency analysis just prior to the next full agency review.

Schedule & Funding:

1. Develop (or utilize existing) mechanisms to communicate and resolve issues with overall CMS management related to delivery of schedule-critical non-U.S. responsibility components which impact assembly of U.S. deliverables.

Response

The US CMS project is exposed in the L2 projects where parts flow from non-US sources is assumed. These issues are most telling in the FPIX and SiTrkr efforts. In the case of the pixels, the crucial readout chip (ROC) is not yet available in the 0.25 um process. US CMS has communicated this delay to CMS and CMS has, in response, speeded up the submission. Contingency has been applied to insure continuity of US engineering effort while awaiting the availability of the ROC for the FPIX effort. For the SiTrkr, there is a substantial delay in parts delivery. US CMS has installed the tooling, but has delayed hiring a “marching army” until parts flow is assured. CMS management has insured that the US assembly site has top priority for delivery of parts.

Management:

1. Precisely define, the “boundaries” and responsibilities, both internally, and, between U.S.-CMS and CMS, for the Installation and Commissioning tasks, for the next mini-review.

Response:

In fact, at the last RRB the scrutiny group redefined the categories. The categories now at CERN are construction, integration and commissioning (I&C), and maintenance and operations (M&O). US CMS has not had time to respond fully to this new definition. The detector project in US CMS has the installation and commissioning of US deliverables within its scope. “Common” integration is not part of the US detector project. For M&O a fully resource loaded schedule of tasks has been created for US CMS tasks. It encompasses both Category A (common CMS) tasks and Category B costs (US deliverables). The Cat. A costs have been adjusted to reflect the findings of the RRB Scrutiny Group for M&O.

2. Present more refined Installation and Commissioning plans and costs at the next mini-review.

Response:

Each group has made more detailed plans. The ME (WBS 1.1) and HCAL (WBS 1.2) plans are part of the mini review agenda as they are the most advanced and they will happen first.

3. Quantify the base program physicist needs to complete the project, and assess the impact on the schedule if these needs are not met.  Define the steps being taken to address this issue by the time of the next mini-review.

Response:

The resource loading of the subsystems has been re-examined in the light of revised I&C planning.  The resulting resource profiles were brought to the DOE and NSF at a meeting in September with P.K. Williams and others. This discussion is an annual event, focused on the next FY needs. This dialogue appears to be a useful tool in communicating the base program needs of the US CMS project. Therefore, we imagine that a meeting of this type will continue into the Research Program phase of the LHC experiments.
4. Work with the agencies to refine the definition of project completion.  This should be completed by the time of the next full review.

Response:

The revised schedule for CMS (V31) has been accepted by CERN and the US has, in response, adopted that schedule. Project completion for all subsystems is currently defined to comprise, at least, installation and commissioning in the SX5 above ground assembly area. Project completion is then preserved and occurs on Sept. 30, 2005.

Silicon Tracker (WBS 1.8)

Below are the recommendations from the May 2001 DOE/NSF Review Committee for the Silicon Tracker subsystem of the CMS detector.

1. Develop a more precise delivery plan for the components by October 2001.

Response:

The plan for delivery of components has become more clear as tenders have gone out from CERN. Production silicon will begin to be delivered in the first quarter of calendar year 2002. This schedule is firm. Production Hybrids will begin arriving in Spring or Summer 2002 but there is still some uncertainty here. Other components such as frames are scheduled to arrive ahead of the hybrids.

2. Develop additional capacity such as that the suggested UCSB production line.

Response:

The setup of the additional production line at UCSB is well underway. An optical inspection system has been purchased and received. A high-speed automated wirebonder has been ordered and will arrive in December. A gantry for robotic assembly of modules has been reviewed and a quotation has been received from the vendor with a specified 8-week lead time. The order for the gantry will go out within the next two weeks.

UCSB engineers are in regular contact with FNAL and CERN group members to learn how to setup the gantry. UCSB engineers have also begun designing and manufacturing fixtures for both the UCSB and FNAL Production lines.

3. Perform a production planning exercise that includes consideration of the CMS Rub 2b demand on Sidet and other resources.

Response:

We have maintained regular contact with SiDet leadership regarding the needs of the CMS silicon strips project and how SiDet resources will be shared among the various planned projects that will take place there in the next few years. We have analyzed our needs for space and equipment within this broader context and SiDet has agreed to provide us with the resources we have requested. The one possible area of capacity limitation is the wirebonding pool at SiDet. The CMS silicon tracker project is prepared purchase an additional wirebonder for augmenting the SiDet capacity in time to head off any conflict at SiDet over this resource.

DOE/NSF Review
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