Reply to the DOE/NSF Recommendations from the 

Baseline Review of US CMS in May 1998

for the Forward Pixels 
Recommendation 1. Develop a plan (within 6 months) leading to a system level test at the earliest date.  This system, consisting of at least one blade, could initially involve preliminary designs, which would evolve to final designs as the project matures.  Radiation-hard read-out electronics,

cabling, and the mechanical support and cooling should eventually be

included.  Tests of this system should include exposure to ionizing and

non-ionizing radiation.

Reply:

The following two major system level tests are included in the WBS and  are proceeding on schedule. A copy of the milestones that must be met by the different components that will be part of these tests can be found in Appendix II. 

A) Test of a Single Sensor-Readout Chip (to be completed by Oct. 2000).

This test includes: 

1) one sensor, the size required for the Forward Pixel, mounted on a Panel, 

2) at least one readout chip (possibly with the final 52 columns by 53 rows), and 

3) the HDI. 

The unit will be exposed to radiation and the information recorded and interpreted.

B) Test of a Functional Blade (to be completed by Nov. 2001).

This test includes: 

1) one Blade (2 Panels with Panel Support Structure) with cooling, 

2) sensors with readout chips on both Panels (at least one on each Panel), 

3) the HDI, 

4) the Token Bit Manager, 

5) the Port Card, with Optical Links,  FEC, and  ADCs.

The unit will be exposed to radiation and the information recorded and interpreted.     

Recommendation 2.  Assign increased engineering effort to the project immediately. Designate lead mechanical and electronics engineers. 

Action taken:

The engineering team for the Forward Pixels includes:  

Head Mechanical Engineer:                 Igor Churin, FNAL

Design Mechanical Engineer:               negotiating with Nikolai Rusakovitch

                                                              Mike Booke, Mississippi

                                                              Robert Tilden, Northwestern

Engineer for FEA:                                 Ang Lee, FNAL

Cooling Engineer:                                 Bruce Squire, FNAL

Electrical Engineer in Analog Circuits:  offer made to Yuri Kozhevnikov 

Computer Design Engineer:                  Edward Bartz, Rutgers          

Recommendation 3. Complete a critical path analysis, identifying the prominent milestones, within 6 months.

Reply:  

A copy of the ML1 and the ML2 milestones for the forward pixels are included in Appendix I. To this list we have appended the schedule and major milestones for the production of the Readout Chip (ROC) and for the Sensors. These last two lists were submitted to the LHC committee in June 1998, when the TDR for the CMS Tracking was reviewed. Both schedules are relevant to us because our work is dependent on these two components. The development of the ROC is being done in Europe and the one for the Sensors is now carried out by US and European groups. 
The most critical component of the project is unquestionably the readout chip. Its development is proceeding on schedule. The next most critical step is the bump bonding. Recently PSI has made substantial progress in perfecting the indium bump bonding technique and in controlling the process. Because of this work, we believe that if necessary, we have on hand within the CMS pixel effort sufficient experience to carry out the bump bonding in house. This does not exclude the use of a commercial firm if a qualified one can be located. The third item on the critical path is the pixel sensors. It is not difficult today to locate vendors equipped to manufacture pixel detectors, as evident by the large number of companies supplying double sided silicon strips. The number of companies interested in producing silicon 

pixels is also not small. We are in the process of identifying qualified companies capable of producing sensors to our current specifications and also available for the final production in 2002. The overall number of 4” wafers for the entire CMS pixel detector is only about 300. This may be an advantage given that a large request for silicon detectors from Atlas and CMS is anticipated at the same time. 

Recommendation 4.  Prepare a detailed component test plan within 6 months.

Action taken:

The list of detailed component tests for the Forward Pixel project has been organized in the 9 groups listed below. For each topic we list the number of tests planned as well as the status of the tests. The full list of tests is given in Appendix III. This list will requires periodic updating. In the same appendix a histogram summarizes the overall status of these tests. 

1) Mechanics, 


[14 tests listed, 6 Active, 3 Completed]

2) Cooling, 


[20 tests listed, 5 Active, 10 Completed]

3) Assembly


[17 tests listed, 2 Active, 0 Completed]

4) Survey


[10 tests listed, 2 Active, 1 Completed]

5) Tests on HDI 

[16 tests listed, 0 Active, 1 Completed]

6) Tests on Port Card

[22 tests listed, 0 Active, 0 Completed]

7) Tests on Sensors

[x tests listed, 0 Active, 0 Completed]

8) Test of Readout Chip
[x tests listed, 0 Active, 0 Completed]

9) Test of bump bonding
[x tests listed, 0 Active, 0 Completed]

Recommendation 5. Update the TDR when the production designs are completed.

Reply:
The TDR is written for the full CMS Tracking. We anticipate that it will be reissued in the year 2000. The next issue will include all the changes that have occurred in the final design. 

Recommendation 6. Refine the bottoms-up cost estimate with multiple vendor quotes based on mature designs.  The early stage of the designs merits larger contingencies.

Action taken:
Every component of the project, after having reached maturity, is subjected to a cost estimate with all the selection criteria, as required by federal laws. This new set of quotes is the base for our new cost estimate that is being updated as each component undergoes major changes.

Recommendation 7. Work toward common solutions with European collaborators; and participate in the read-out chip development in European CMS, emphasizing system and testing aspects. 

Reply:

The level of cooperation with our European collaborators is good. There is constant exchange of views relative to every aspect of the project. Whenever possible common solutions are adopted. Given the different geometry of Barrel and Forward Disks, in many cases solutions must be tailored to the specific situation. 

A few examples to make the point:

· Installation of the pixels is the responsibility of our colleagues at PSI, this is progressing well and with an intense exchange of views between Barrel and Forward pixel groups.

· The necessary hardware and software to test the readout chips is supplied to the US groups by our colleagues from Vienna. PSI is supplying sensors with bump bonded readout chips. The first chip with sensor will be delivered at PSI to US-CMS physicists the week after the February Lehman review. 

· The Token Bit Manager is the responsibility of the group from Rutgers, but the necessary input and advice from the Chip designers (PSI and Aachen) is constantly present.

· The upcoming sensor submission is the responsibility of the US and here too, decisions are taken by common agreement within the CMS pixel effort, and students from PSI are sharing the load in preparing the GDSII files. These are only a few of the many very close collaborative efforts.  

In addition, the physicists from PSI (especially Kurt Gabathuler), given their proximity to CERN, frequently attend meetings at CERN on our behalf. They keep us well informed of the issues discussed, seek our input before the meetings, and then inform us of the outcome. Examples include meetings involving the beam pipe interference with the pixels installation or general cooling meetings and others, held outside the CMS- or the Tracking-weeks. To be able to have the same level of input into and information from the activities at CERN, without this PSI link, would require the US pixel groups to keep a permanent presence at CERN right now. We can not afford that.        

Appendix I.
This appendix includes the ML1 and ML2 milestones for the forward pixels.  


Included are also the schedules with milestones for the development of the Readout Chip and Sensors for the entire CMS Pixel effort. These two list were submitted to the LHC committee in June 1998, at the time the CMS Tracking TDR was reviewed. Both schedules are relevant to our activities because our work is dependent on these two components. The development of the ROC is done in Europe and the one for the Sensors is now carried out by US and European groups.

Appendix II.
This Appendix gives a list of the milestones (“Forward Pixel, ML of System Tests”) to be met in order to realize the two System Tests scheduled for the end of 2000 and 2001. Additional information regarding specific components such as the Port Card, the HDI, and the Services have also been included. 

For additional details consult:

System Test 1 for the end of 2000 involves the components:

           Panel 


Appendix II, see “Forward Pixel, ML of System Tests”

Readout Chip.
See Schedule Readout Chip (PSI-Aachen-ETHZ)  in

Appendix I


Sensors.

See Schedule Sensors in Appendix I


HDI.


See Schedule HDI in Appendix II 

System Test 2 for the end of 2001 involves the components:


Blade with cooling
Appendix II, see “Forward Pixel, ML of System Tests”

Readout Chip.
See Schedule Readout Chip (PSI-Aachen-ETHZ) in 


Appendix I


Sensors.

See Schedule Sensors in Appendix I


Portcard.

See also Schedule Port Card in Appendix II                        


HDI.


See also Schedule HDI in Appendix II


Services.

See also Schedule Services in Appendix II

Appendix III.

This Appendix gives a list of tests foreseen for the US- CMS Forward Pixels effort. The list is organized in 9 main activities: 

1)   Mechanics

2)   Cooling 

3)   Assembly

4)   Survey

5)   Tests on HDI and Power Flex Cable

6)   Tests on Port Card

7)   Tests on Sensors

8)   Tests of Readout Chip

9)   Tests of Bump Bonding

