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We have been commissioned by the Particle Physics Division to conduct a simple review of the manpower required over the next few years to successfully execute the three anticipated projects at SiDet: CDF and D0 Run IIb and CMS.  In our attempt to understand the overall engineering and technical manpower requirements of these efforts we met with Marcel Demarteau, the head of the Silicon Detector Facility (SiDet) and the project manager for the D0 Run IIb silicon detector, and Brenna Flaugher, the deputy head of SiDet and the project manager for the CDF Run IIb silicon detector.  Nicola Bacchetta from CDF also attended the meeting and provided considerable insight into the CDF estimates.  A separate meeting was held with Jim Fast, the head of the Engineering Design Group inside of SiDet.  Several follow-ups were conducted by telephone and email.  Mark Reichanadter, the project engineer for CMS and a member of the review committee provided the information on CMS.

RUN IIb

Both CDF and D0 have done an impressive amount of work to develop resource-loaded schedules.  We have not attempted to go through the resulting manpower estimates for individual tasks to determine their accuracy.  We believe that both CDF and D0 have done their best to develop reliable manpower estimates including the use of historical information from the Run IIa detectors when applicable.  

The statement has been made that the Run IIb silicon detectors are relatively simple and risk-free compared to the Run IIa detectors.  This is only partially true.  While only single-sided silicon is being used and there are fewer variations between the different layers, the Run IIb detectors contain components that are more complex than any components in the Run IIa detectors.  Most of the complexity, both mechanical and electrical, has been incorporated into the stave design.  The stave replaces much of the functionality of the bulkheads (resulting in a simpler bulkhead design) and incorporates the cooling.  The stave design requires considerable engineering effort but should allow for straightforward and repetitive assembly.

We have attempted to reconstruct the mechanical engineering effort expended on the CDF and D0 Run IIa silicon detectors.  Over the nearly 8 year span from June, 1993 to April, 2001 over 41,000 hours of engineering effort went into the D0 barrel, H-disks and F-disks while nearly 37,000 hours of effort was directed towards the SVX II and Layer 00 detectors for CDF.  To make a meaningful comparison to the Run IIb detectors, the D0 disks should be removed, but since many of the same people worked on the D0 barrel and disks this is difficult to do.  We assume that if the effort on the H and F-disks is removed the D0 and CDF numbers are comparable.  While these numbers are not absolute, they are likely accurate to 20%.  The breakdown is shown in Table 1.  Based on this analysis D0’s engineering peak was 5.85 FTEs, CDF’s was 5.25 and the total peak was 10.6 FTEs.  

For the 4-year Run IIb project, D0 has estimated 18,200 hours of SiDet engineering with a peak of 6 FTEs in the second quarter of 2002 (now).  CDF has estimated 15,000 hours of total effort with a peak of 5.25 FTEs in the 4th quarter of 2002.  In each case the total engineering effort per year is similar for the Run IIa and Run IIb detectors and the peak loads for Run IIa and Run IIb are also consistent.

Both CDF and D0 have agreed to apply an inefficiency factor of 0.73 to their manpower needs.  In this scheme, 1 FTE corresponds to 364 working hours per quarter.  This factor is based on experience from Run IIa and seems reasonable.  When the inefficiency factor is applied the peak engineering needs increase to 8 FTEs for D0 and 7 FTEs for CDF.

It is not sufficient to add engineering alone to the projects.  For every 2-3 engineers a designer and a draftsperson is needed in order to obtain the maximum benefit from the engineering resources. It was not unusual for engineers to do some of their own drafting during the Run IIa projects.  Currently there are 7 engineers assigned to SiDet who are supported by 3 designers and 3 drafters.  The designers and draftspersons are beginning to fall behind a bit in the current configuration.  

Engineering effort did not roll off as one might have expected during the Run IIa projects.  There are a number of reasons for this.  A steady stream of problems with both detectors was discovered along the way that required engineering solutions.  Bowing of the CDF ladders is an example of such a problem.  In addition, CDF Layer 00 was designed late in the game, extending the engineering load for Run IIa.  Engineers also stayed on to do the work of lead technicians in many cases.  There will almost certainly be unanticipated problems with the Run IIb detectors that require engineering solutions, though one might expect fewer problems this time because of fewer parts variations.  In addition, Layer 00 is being designed up front for Run IIb.  However, unless an adequate pool of lead technicians (or physicists) can be identified it is unlikely that the engineering resources will roll off as one might hope.

The Run IIb engineering load will have to be leveled because the projects will find it difficult to manage such a large number of engineers.  The peaks for both projects are expected this year and it is unlikely that either project currently has the people in place to manage 7 or 8 engineering FTEs.  Jim Fast estimates that neither project can currently manage more than 5 engineers.  In order to manage more engineers, additional physicists will have to be integrated into the projects.  According to the projects, the engineering resources for both CDF and D0 can be load leveled without any significant schedule delay.  The critical path for CDF is the delivery of hybrids from LBL.  The critical paths for D0 are the SVX4 chip and the delivery of sensors and hybrids.  None of these items depend on SiDet engineering.  If both projects were allocated two additional engineers in the next few months (for a total of 5 each) and retained them for the duration of the projects they could likely still meet their goals on schedule, though some of the milestones will have to be adjusted.  Sufficient engineering resources must be made available to keep the stave prototypes off of the critical path.  With 5 engineers and an additional draftsperson/designer each, this should be achievable.

We do not have a similar historical analysis of the technical resources used to construct the Run IIa detectors to compare with the estimates for Run IIb.  The numbers that are typically used for Run IIa are shown in the table below along with the estimated technical resources needed for Run IIb and the current SiDet pool.  The inefficiency factor mentioned earlier has been applied to the estimates for Run IIb.  While the complexity of the engineering for the Run IIb detectors is similar to that of the Run IIa detectors, the assembly of the Run IIb detectors should be less complex and more repetitive, with the exception of the inner layers that are always difficult to assemble.  While the assembly of the Run IIb detectors is relatively straightforward, it is worth noting that the detectors are 3 times larger than the Run IIa detectors.  Based on these considerations, the technical resource needs estimated for Run IIb are reasonable.  

	
	Peak Run IIb FTEs
	Peak Run IIa FTEs
	Current SiDet Pool

	CDF Mechanical Techs
	15
	
	

	D0 mechanical Techs
	12
	
	

	Total Mechanical Techs
	27
	25
	7

	
	
	
	

	CDF Electrical Techs
	0.5
	
	

	D0 Electrical Techs
	3.5
	
	

	Total Electrical Techs
	4.0
	3
	3

	
	
	
	

	CDF Wire Bonders
	2.5
	
	

	D0 Wire Bonders
	4
	
	

	Total Wire Bonders
	6.5
	6
	4

	
	
	
	

	CDF CMM Operators
	2
	
	

	D0 CMM Operators
	1
	
	

	Total CMM Operators
	3
	5
	5


I

Both CDF and D0 are using other PPD facilities to help build parts of their Run IIb detectors.  CDF is using personnel at PAB to do leak checking, resources at Lab 3 to lay up the bulkheads and they will likely use the Lab 3 facility to build carbon fiber cylinders.  D0 is using resources at Lab 8 for the programming necessary for the bulkhead cutouts and is building cylinders at Lab 3.  The use of these facilities outside of SiDet is already accounted for in the project plans.  It may be possible to use additional resources outside of SiDet to fabricate components such as transportation fixtures, positioning jacks, etc.  It is not obvious that anything of substantial scope could be offloaded that would have a significant impact on the manpower needs at SiDet.  Nevertheless, we encourage the projects to take full advantage of existing facilities outside of SiDet.

CMS

CMS is a full charge back project that pays for all technical and engineering resources.  CMS does not require significant engineering resources from SiDet, but they will require about 4 experienced lead technicians from the SiDet pool to direct a group of inexperienced technicians.  The inexperienced technicians would likely be term employees.  It is likely that SiDet does not currently have a sufficient number of lead technicians to satisfy the needs of CDF, D0 and CMS.  Efforts should be made to identify highly skilled technicians in other PPD organizations who could play the role of lead tech. at SiDet.  Technicians being freed-up from the successful completion of the CMS central muon detector at Lab 5 could help in this regard.

CMS is expected to ramp up their effort in January of 2003.  The estimated labor profile for the CMS silicon strips is appended at the end of the report.  An additional 2 techs are required for CMS pixels.

CONCLUSIONS AND RECOMMENDATIONS

· CDF and D0 have both made a good-faith effort to generate resource-loaded schedules using the best information available to estimate their labor needs.

· The engineering effort per year is consistent for the Run IIa and Run IIb detectors, though the Run IIb detectors must be designed and built in less than half the time.

· The peak engineering loads are consistent for the Run IIa and Run IIb detectors.

· The engineering load for the Run IIb detectors is unlikely to roll off with time as the current manpower profiles indicate.  The engineering load could roll off faster than was the case for the Run IIa detectors, where there was virtually no roll off, if an adequate pool of high-end lead technicians or physicists could be identified.

· The engineering resources profile will have to be load leveled as the committee does not feel that either project has the people in place to supervise and direct more than 5 engineers at the time of their peak need (this year).

· In order to obtain the maximum benefit from additional engineering resources it is also necessary to provide an additional draftsperson and designer for every 2-3 engineers.

· If both CDF and D0 could be allocated 5 engineers each in the next few months and retain them for the duration of the Run IIb projects they could likely remain on schedule without the need to peak at 7 or 8. 

· The greatest new technical challenges from Run IIa to Run IIb are in the stave design and fabrication. Successful completion of the stave mechanical and electrical prototype milestones will be a key indication that the projects have sufficient resources to successfully deliver their detectors on schedule.

· The Run IIb project managers do not yet know how or if charge-backs for labor will be done.  This makes detailed planning and resource allocation difficult.  We recommend that this issue be clarified by the laboratory management as soon as possible.

· The labor estimates for technicians at SiDet seem reasonable.  Assembly of the Run IIb detectors will be simpler and more repetitive than the Run IIa detectors (except for the inner layers) but they are 3 times larger.

· There will be a shortage of experienced lead technicians at SiDet.  Every effort should be made to identify highly skilled technicians in other departments who could play such a role.

