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Executive Summary




Summary of the Technical Status of BTeV

The pixel system has solved a major difficult with such systems by operating the pixels themselves inside a vacuum vessel, and using electrical feed-throughs that do not physically penetrate the vacuum wall.  A critical remaining area of BTeV R&D is a detailed plan of how to cool the pixels.

Cost, Schedule, and Management Status 

It is anticipated that the project will begin October 1, 2004.  Furthermore it is anticipated that project completion will be early in fiscal year 2008.  A critical interim milestone is “readiness to install large components,” currently planned for April 2006.  

1.1 Vertex, Toroidal Magnet, Beam Pipes

Findings

· Some components of the proposed C0 AIP (PHG:  utilities and outfitting of bare C0 building) are needed, particularly for measurement of the magnets.  The timescale and potential interferences with the AIP project are not known.

· The impact of the magnets (including compensating dipoles) and their fringe fields on Tevatron operation is believed to be small, but has not been verified by BD / Accelerator Physics.

· The potential impact of the new components on the beam vacuum is believed small, but has not been formally verified with the BD / Vacuum group.

Recommendations

1. Formal verification / agreements with the BD Accelerator Physics and Vacuum groups need to be completed.

1.2 Pixel Detector
Comments

· Pixel mechanical support still needs substantial R&D, especially to ensure that the water-glycol connections in the system are reliably leak-free.

Recommendations

1. Investigate the possibility of sensor breakdown due to fast beam losses.  Examine beam loss scenarios with the Beams Division and consider tests to understand if the sensor-chip assembly will be damaged by associated voltage spikes.

2. Work with the Beams Division to understand whether the design of the pixel vacuum system and RF shield provides an acceptable vacuum environment and beam impedance.

1.3 RICH Detector

Findings

· During discussion, several items became clear:

1) A detailed schedule for component installation in C0 needs to be developed – the feasibility/rewards of partial detector installation with subsequent testing needs to be evaluated.

2) Adequate monitoring/suppression of He in the collision hall (which will have an impact on phototube lifetimes) needs to be addressed.

Recommendations

1. Develop an installation sequence plan, including consideration of partial installation and testing options.

1.4 EM Calorimeter 

1.5 Muon Detector

Comments
· Experience with other collider experiments is that a sizeable fraction of the occupancy is due to beam-induced backgrounds, not proton-antiproton collisions.  The muon project plans to validate the MARS studies that led to this conclusion by mounting scintillator counters from the FOCUS experiment and making a measurement of the rates (admittedly in a somehwat different configuration than the final one).  This plan has implications for the schedule of the C0 improvements, particularly AC power.  If the occupancies are larger, the plan is to remove the innermost regions of the muon detector from the trigger and to rely solely on the pixel trigger in this region.
1.6 Straw Detector

Comments

· The Straw Detector has not been assessed in terms of alternate (396 nsec) running conditions that would presumably significantly change the occupancy rates in the straws.  Laboratory management should indicate to BTeV whether this is an expected evaluation. 

1.7
Silicon Strip Detector
1.8
Trigger Electronics and Software
 1.9
Event Readout and Controls 

 1.10

Installation, Integration, etc.

Findings

· This WBS includes the final finishing of the C0 hall for BTeV’s needs.  This is dependent on the completion in a timely manner of the proposed C0 AIP (utilities and building outfitting), and the detailed components included in the AIP.  There was an AIP proposal generated, and a BD response to the proposal, but no further negotiations beyond that.

· This WBS includes a component for the completion of the documentation related to the overall system integration, testing, safety and commissioning.  Sub-system documentation is the responsibility of the subsystems.

· The boundary as understood by BTeV for the interface with the Beams Division is that the shielding wall at the Q4 provides the interface between BD and BTeV, except for the installation of the compensation dipole not in the toroid, the beam vacuum and emptying of C0 hall.  These tasks are not included in the installation sequence as presented. 

· A plausible 1st order installation sequence was created by BTeV, in large part based on information generated by the collaboration at an installation workshop in Spring 2002.  The plan includes installation of all the large components in the collision hall during major accesses (requiring the shield wall to be moved), with smaller components transported through the labyrinth hallway on an as needed and as available basis.  The plan is consistent with the C0 mechanical limitations (hook availability, etc) and with the boundary condition of minimizing Tevatron interruptions.  It was stated the major components could be moved in during a single 3 month shutdown (after WBS 1.1 is complete), or several (3-4) shorter duration shutdowns.

Comments

· The reviewer would add 2.5M$ to the contingency of this subtask, the difference between the original 5M$ estimate submitted to the lab in 1999 and the response which totalled approximately 2.5M$.  If the AIP is not completed, BTeV will end up completing C0 on project funds.  This change gives revised costs of 4.3M$ base, 89% contingency and a total cost of 8.1M$.  

Recommendations

1. Definition of responsibility for interface documents internal and external to BTeV should be made clear.

2. A detailed milestone list needs to be generated and transmitted throughout the project.

3. The C0 AIP (utilities and building outfitting) must be defined and completed.

4. Complete a formal agreement with Beams Division on the work to be done at C0 by BD personnel. 

1.11
Project Management

Findings
· System integration, all the activities that preceed the physical integration of the detector in the collision hall, is deemed to be a project office function

-
The responsibility for dealing with interfaces between different systems needs to be well defined

-
System for dealing with external interfaces – principally to the accelerator – doesn’t exist yet.

· Project depends for its success on a number of related projects:
-
C0 AIP (utilities and building outfitting)
-
Design and construction of low-beta insertion
-
Software and computing for data analysis
-
RTES

Recomendations

1. Write a Project Management Plan, that includes all of the elements discussed today, with details filled in.

2. Clarify responsibilities for system integration and for control of interfaces between L2 systems and between BTeV and external systems (Tevatron, C0 AIP).

3. BTeV and Fermilab need jointly to develop a formal system for controlling interfaces between BTeV and the accelerator.  Some early (even if short) meetings between BTeV and the Beams Division will be needed to coordinate aspects of the BTeV design which clearly affect accelerator performance.

1.12
Summary Comments on Review of BTeVCost Estimate

Comments

The table below depicts the committee assessment of the cost estimate at this point in time.
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Project Estimate ($Millions)

Committee Estimate ($Millions)

WBS

Base

Cont. %

Cont. $

Total

Base

Cont. %

Cont. $

Total

1.1

Vertex, Toroidal Magnet, Beam Pipe

1.34

40%

0.54

1.88

$1.34

40%

$0.54

$1.88

1.2

Pixel Detector

11.8

45%

5.28

17.08

$11.80

45%

$5.28

$17.08

1.3

RICH Detector

10.03

28%

2.79

12.82

$10.03

35%

$3.51

$13.54

[1]

1.4

EM Calorimeter

10.69

32%

3.47

14.16

$11.30

28%

$3.21

$14.51

[2]

1.5

Muon Detector

3.43

40%

1.36

4.79

$3.61

50%

$1.81

$5.42

[3]

1.6

Forward Straw Tracker

5.93

30%

1.79

7.72

$5.93

41%

$2.43

$8.36

[4]

1.7

Forward Silicon Microstrip Tracker

4.65

28%

1.29

5.94

$4.90

45%

$2.21

$7.11

[5]

1.8

Trigger Electronics and Software

9.98

42%

4.24

14.22

$9.98

42%

$4.24

$14.22

1.9

Event Readout and Controls

11.82

24%

2.86

14.68

$11.82

24%

$2.86

$14.68

1.10

System Installation, Integration, etc

4.26

31%

1.31

5.57

$4.26

89%

$3.81

$8.07

[6]

1.11

Project Management

4.39

25%

1.10

5.49

$6.46

15%

$0.97

$7.43

[7]

Indirect Cost that was not included

$8.14

25%

$2.04

$10.18

[8]

Total

$78.32

33%

26.03

$104.35

$89.57

37%

$32.89

$122.46

Notes:

[1] WBS 1.3 - 50% of the sub-project cost is to be found in the photon-detectors (either HPDs or MAPMTs).  Both options are backed up with quotations.  Contingency assigned here is taken from variation in quote 

pricing for the MAPMTs.  Most other big-ticket items are backed up with vendor quotations in the cost book.  This includes 5000 PMTs (3-4 possible vendors), readout electronics, mirror arrays and power supplies.  

Other bases for estimate are tied to previous experience from the proponents with the CLEO III RICH, a proximity focused detector.  The total project contingency has been increased to 35% to account for uncertainties 

in fluctuation of the dollar relative to foreign currencies since the HPDs and MAPMTs are from foreign suppliers.



[2] WBS 1.4 covers the PWO crystal electromagnetic calorimeter (ECAL) subsystem.  The total base cost is estimated to be 10.6 M$, including 8.5 M$ of material and 2.2 M$ of labor. The overall total cost is 14.2 M$ 

with an overall contingency of 32%.  With solid quotations from respected vendors, the reviewer modified the base cost of PWO crystals and PMT correspondingly and reduced the contingency from 40% to 30%.  

Lacking detailed design, the reviewer increased the contingency for LED monitoring system from 30% to 40%. The reviewer's estimation is overall total cost of 14.5 M$ with base cost of 11.3 M$ and contingency of 

28.4%.



[3] WBS 1.5 - The base was changed to $3.61M.  Half of that is from assuming a smaller duty factor for the labor, and half is from increasing the cost of the support structure, which is at a conceptual stage and looks 

unrealistically low.  The contingency was changed to 50% or 1.80M.  The M&S contingency is about the same (43% vs. 42%) but holding $200k of labor contingency on $2.5M of labor ($1.7M of which is off-project) 

seems inadequate.



[4] WBS 1.6 - 

1.6.1 

Labor

  Increase contingency to 45% - Production flow not yet defined.  1.6.1 

Materials

 Increase contingency on 1.6.1.5 to 50% - Tooling & fixturing not designed; Decrease contingency on 1.6.1.4.1 to 10% - 

Reliable Quote; Increase contingency 1.6.1.4.1 by 20% (net back to 30%) Foreign vendor – uncertainty in currency fluctuations; Decrease contingency on 1.6.1.4.3 to 10% Reliable Quote; Increase contingency 1.6.1.4.3 

by 20% (net back to 30%) Foreign vendor – uncertainty in currency fluctuations.  

(Total contingency for 1.6.1 averages to 40%)

1.6.2 

Labor

 Increase contingency to 50% - Lack of development of system.  1.6.2 

Material

 Increase contingency on 1.6.2.3 & 1.6.2.4 to 40% - Lack of development of system Uncertainty of acquisition timing; Increase 

contingency on 1.6.2.7 to 50% Foreign vendor – uncertainty in currency fluctuations. 

(Total contingency for 1.6.2 averages to 42%)

1.6.3 

Labor

 Increase contingency to 45% - Uncertainties in difficulty of layout and development.  1.6.3 

Material

 Contingency remains @30% - Generic requirements understood to that level.  

(Total contingency for 1.6.3 

averages to 39%)

1.6.4 

Labor

 Increase contingency to 45% - Uncertainties in testing time & difficulty in reaching consensus on integration issues.  1.6.4 

Materials

  Contingency remains @30% - Testing equipment required understood to 

that level Integration materials small portion of cost.  

(Total contingency for 1.6.4 averages to 40 %)

1.6.5 

Labor

 Contingency increased to 50% - Uncertainties in off/on project labor.  1.6.5 

Materials

 Contingency remains @30% - Generic requirements understood to that level 

(Total contingency for 1.6.5 averages to 

44%)

Overall contingency averages to 41% on unchanged BTeV base



[5] WBS 1.7 - Baseline costs were modified for three items which were examined in the BTeV EXCEL spreadsheet.  1) Spares were not included in the readout chip production quantities ($53k).  2) Labor for chip 

development is currently costed at either very low values or not included ($100/hr for Italy, $0 for Tennessee). FNAL labor is not yet included ($100k).  3) Pitch adapter/fanouts were not included in the hybrid cost 

estimate ($100k).  A detector at this level of conceptual design should have a contingency of ~50%.  We lowered this to 45% based on the fact that the detector is not technically challenging.



[6] WBS 1.10 - 2.5M$ was added to the contingency of this subtask, which is  the difference between the original 5M$ AIP estimate submitted to the lab in 1999 and the response which totaled approximately 2.5M$.  If 

the AIP is not completed, BTeV will end up completing C0 on project funds.  This change gives revised costs of 4.3M$ base, 89% contingency and a total cost of 8.1M$.



[7] WBS 1.11 - Add Base+Contingency from Project estimate, increase per-person take-home pay $85k->100k



[8] Increase base cost by 10% to cover indirect costs that have not been included.



Notes:

[1] WBS 1.3 - 50% of the sub-project cost is to be found in the photon-detectors (either HPDs or MAPMTs).  Both options are backed up with quotations.  Contingency assigned here is taken from variation in quote pricing for the MAPMTs.  Most other big-ticket items are backed up with vendor quotations in the cost book.  This includes 5000 PMTs (3-4 possible vendors), readout electronics, mirror arrays and power supplies.  Other bases for estimate are tied to previous experience from the proponents with the CLEO III RICH, a proximity focused detector.  The total project contingency has been increased to 35% to account for uncertainties in fluctuation of the dollar relative to foreign currencies since the HPDs and MAPMTs are from foreign suppliers.

[2] WBS 1.4 covers the PWO crystal electromagnetic calorimeter (ECAL) subsystem.  The total base cost is estimated to be 10.6 M$, including 8.5 M$ of material and 2.2 M$ of labor. The overall total cost is 14.2 M$ with an overall contingency of 32%.  With solid quotations from respected vendors, the reviewer modified the base cost of PWO crystals and PMT correspondingly and reduced the contingency from 40% to 30%.  Lacking detailed design, the reviewer increased the contingency for LED monitoring system from 30% to 40%. The reviewer's estimation is overall total cost of 14.5 M$ with base cost of 11.3 M$ and contingency of 28.4%.

[3] WBS 1.5 - The base was changed to $3.61M.  Half of that is from assuming a smaller duty factor for the labor, and half is from increasing the cost of the support structure, which is at a conceptual stage and looks unrealistically low.  The contingency was changed to 50% or 1.80M.  The M&S contingency is about the same (43% vs. 42%) but holding $200k of labor contingency on $2.5M of labor ($1.7M of which is off-project) seems inadequate.

[4] WBS 1.6 - 

1.6.1 Labor  Increase contingency to 45% - Production flow not yet defined.  1.6.1 Materials Increase contingency on 1.6.1.5 to 50% - Tooling & fixturing not designed; Decrease contingency on 1.6.1.4.1 to 10% - Reliable Quote; Increase contingency 1.6.1.4.1 by 20% (net back to 30%) Foreign vendor – uncertainty in currency fluctuations; Decrease contingency on 1.6.1.4.3 to 10% Reliable Quote; Increase contingency 1.6.1.4.3 by 20% (net back to 30%) Foreign vendor – uncertainty in currency fluctuations.  (Total contingency for 1.6.1 averages to 40%)

1.6.2 Labor Increase contingency to 50% - Lack of development of system.  1.6.2 Material Increase contingency on 1.6.2.3 & 1.6.2.4 to 40% - Lack of development of system Uncertainty of acquisition timing; Increase contingency on 1.6.2.7 to 50% Foreign vendor – uncertainty in currency fluctuations. (Total contingency for 1.6.2 averages to 42%)

1.6.3 Labor Increase contingency to 45% - Uncertainties in difficulty of layout and development.  1.6.3 Material Contingency remains @30% - Generic requirements understood to that level.  (Total contingency for 1.6.3 averages to 39%)

1.6.4 Labor Increase contingency to 45% - Uncertainties in testing time & difficulty in reaching consensus on integration issues.  1.6.4 Materials  Contingency remains @30% - Testing equipment required understood to that level Integration materials small portion of cost.  (Total contingency for 1.6.4 averages to 40 %)

1.6.5 Labor Contingency increased to 50% - Uncertainties in off/on project labor.  1.6.5 Materials Contingency remains @30% - Generic requirements understood to that level (Total contingency for 1.6.5 averages to 44%)

Overall contingency averages to 41% on unchanged BTeV base

[5] WBS 1.7 - Baseline costs were modified for three items which were examined in the BTeV EXCEL spreadsheet.  1) Spares were not included in the readout chip production quantities ($53k).  2) Labor costs for chip development are underestimated (FNAL labor is not yet included $100k).  3) Pitch adapter/fanouts were not included in the hybrid cost estimate ($100k).  A detector at this level of conceptual design should have a contingency of ~50%.  We lowered this to 45% based on the fact that the detector is not technically challenging.

[6] WBS 1.10 - 2.5M$ was added to the contingency of this subtask, which is  the difference between the original 5M$ AIP estimate submitted to the lab in 1999 and the response which totaled approximately 2.5M$.  If the AIP is not completed, BTeV will end up completing C0 on project funds.  This change gives revised costs of 4.3M$ base, 89% contingency and a total cost of 8.1M$.

[7] WBS 1.11 - Add Base+Contingency from Project estimate, increase per-person take-home pay $85k->100k

[8] Increase base cost by 10% to cover indirect costs that have not been included.

Recommendations

1. The committee estimate should be incorporated in thinking for BTeV and Fermilab going forth with a cost range in seeking a CD-0/1 for the BTeV project.  The reason we’re suggesting a CD-0/1 is that to get a CD-0 a mission need external independent review must take place which for HEP seems to be P5 or something like it.  Such a review will likely require a sound cost range as input.

1.13
Summary Comments on Review of BTeV Schedule

Findings

· It is anticipated that the project will begin October 1, 2004.

· Furthermore it is anticipated that project completion will be early in fiscal year 2008.

· A critical interim milestone is “readiness to install large components,” currently planned for April 2006.
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