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Report on Director’s Review of Run [1b Upgrades

Executive Summary

TECHNICAL

Both experiments have made outstanding progress in moving toward the baseline review.
Designs are clearly mature and all major aspects of the upgrades are supported by in-
depth studies. The experimenters are to be congratulated for their efforts. We expect that
thiswork will lead to an efficient and smooth upgrade process. We believe both
experiments are very close to being ready for their baseline review.

It is recommended that both experiments use the same baseline luminosity conditions for
Run |1b. Based on recent developments these appear to be 2 10%* /cm?/sec with 396 ns
bunch spacing for normal operation, and 4 10*? /cm?/sec with 396 ns bunch spacing to
demonstrate adequate headroom. These figures have been used in some cases but not all.

In many cases the performance of trigger systems at higher luminositiesis estimated by
linear extrapolation from lower rate conditions. More realistic smulationsinvolving
multiple events per bunch crossing should be done.

The plan for upgrading commercial processors during Run lla, in preparation for Run I1b
israther different for the two experiments and is coupled to operating expenses for the
two experiments. The difference in the upgrade plans should be justified or the plans
reconsidered.

Some aspects of the TDRs would benefit from further attention. For CDF it would help to
strengthen or expand the technical descriptions for the Central Preradiator, the Level-2
decision crate, and installation planning. For DO there is no discussion of installation
planning. Thereis aso no overall table of contents.

COST

In addition to the cost considerations and comments by the technical subcommittee, about
1 and 1/3 additional days were spent examining the cost estimates by the cost schedule
subcommittees. Both experiments have tried to document their estimates at the lowest
level. DO has done so considerably more thoroughly than CDF. CDF should put
additional effort into assembling this documentation in preparation for the Lehman
Review. The more complete DO basis of estimate (BOE) could benefit from additional
organization and labeling. The non-silicon DO estimates plus contingency seem
adequate. The adequacy of the CDF non-silicon estimates cannot be judged due to
incompl eteness of the BOE.

The Silicon subprojects of both projects are well developed. These Silicon subprojects
comprise by far the largest fraction of the costs at approximately two thirds of the total
project cost. BOEs for these subprojects are well flushed out for DO and better for CDF
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than for the non-silicon CDF systems. The cost for the DO Silicon is $20,294K compared
to $18,138K for CDF. Three fourths of the differenceis due to different labor estimates.

Total labor requirements were developed by each project for Silicon and a comparison
was made as ajoint effort. The DO labor is markedly larger than that of CDF, averaging
~70 FTEs versus ~40 FTEs. Neither project presented labor estimates based on prior
silicon detector experience. Absent such data, comparisons of the ratio of labor costs to
M& S costs for two “factory-like” efforts (one recently completed the other currently
underway and about 2/3 complete) on HEP detector components here at Fermilab were
made. Based on these comparisons, the committee believes the DO labor hours are likely
more reflective of what will actually be needed.

SCHEDULE

The schedule management approach of having an aggressive Project Manager’ s schedule
with more realistic Director’s Milestones is endorsed. Meeting the Directors Milestones
will not be easy. However, we believe they can be met if the following conditions are
met: adequate project management and administration staff and support exists, level 3
managers are put in place and level 2 and level 3 managers dedicate adequate time
(frequently full time) to their tasks, adequate engineering and technical support staff
(including contingency labor) to carry out the work is provided, laboratory management
provides a high level of support and puts a high priority on these projects, and Project
Managers effectively manage the overall effort.

MANAGEMENT

DO has staffed to a deeper level than CDF. Both projects need to add staff and complete
many MOU’ s with collaborating institutions. Both projects have contributed to the
Acquisition Execution Plan that iswell along. A draft Project Execution Plan has been
prepared and draft Project Management Plans exist. These drafts should be made final or
near final by the time of the Lehman Review. Additional important management
comments are made in the Schedul e section above.
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Introduction

A Director’s Review of the CDF (Collider Detector Facility) and DO Detector Upgrade
Projects was held August 12 — 15, 2002. Thistechnical, cost, schedule, and management
review was held in preparation for an anticipated DOE Review (Lehman Review) that it
is hoped will recommend the projects be baselined.

These projects were reviewed in December, 2001 by a Technical Review Committee
(TRC) selected by the Director. There was also a Director’s Review of the projectsin
April 2002. This Director’s Review committee included the TRC membersas a
Technical Subcommittee.

A charge for the review, an agenda, and lists of committee members, participants and
attendees are al included as appendices to this report.

The agenda was structured in a manner that some of the technical consultants with tight
time constraints could leave on the afternoon of the third day of the review. As can be
seen in the agenda it had been planned to split into parallel sessions on the afternoon of
the second day. However, the direction of questions and concerns were such that they
did not split into separate technical and cost/schedule/management categories. So, we
continued to meet as a committee of the whole through the entire second day.

The report iswritten in two sections: 1) Technical Report and 2) Cost, Schedule and
Management Report. The report structure enumerates findings, comments, and
recommendations for clear and easy future reference.

Director's Review of CDF and DZero Run I1b Detector Upgrades
August 12-15, 2002
Review Committee Report

6



DRAFT —Version 5.0 /9/27/02

1. Technical Subcommittee Report

Both experiments have made outstanding progress in moving toward the baseline review.
Designs are clearly mature and all major aspects of the upgrades are supported by in-
depth studies. The experimenters are to be congratulated for their efforts. We expect that
thiswork will lead to an efficient and smooth upgrade process. We believe both
experiments are very close to being ready for their baseline review.

1.1. The CDF and DO Silicon Projects

1.1.1. Introduction

1.1.1.1. Boththe CDF and DO groups have submitted updated TDRs for
the compl ete replacement of their silicon detectors. The maturity of the
designs has increased greatly, and the scope of the proposed upgrades
has not changed since the last review.

1.1.1.2. The CDF proposal is described in detail in 64 pages of TDR and
supplemented with 600 lines of detailed schedule and 145 pages of
WBS dictionary. The total project cost is about $18.2 M including
escalation, contingency and overhead.

1.1.1.3. TheDO proposal isdescribed in detail in 170 pages of TDR and
supplemented with 1200 lines of detailed schedule and 280 pages of
WBS dictionary. The total project cost is about $22.9 M including
escalation, contingency and overhead.

1.1.14. The proponents should be congratulated on their successful efforts
in preparing the reports and presentations. The committee also
commends the cooperation between the two experiments on various
technical issues.

1.1.2. Silicon sensors

1.1.2.1. Findings:

1.1.2.1.1. Both collaborations have selected high quality silicon sensors
mainly from the same source.

1.1.2.1.2. DOisconsidering the option of acquiring the sensorsfor layers
0 and 1 from another source and will make a decision based on
performance after irradiations.

1.1.2.2. Comments:

1.1.2.2.1. The sensor’s simple design and the fact that they are single-
sided have lowered the risk greatly.
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1.1.2.2.2. Layer 0 and 1 sensors performance dominate the impact
parameter resolution and their quality is therefore crucial for
overall performance.

1.1.2.3. Recommendations:

1.1.2.3.1. When deciding on the vendor for the silicon detectors of the
inner layers, DO should consider the increased risk of buying from
alow-volume vendor with an unproven track record. Other factors
to be considered include production yield, strip yield, and
production stability, in addition to radiation performance.

1.1.3. Electronicsand cables

1.1.3.1. Findings:

1.1.3.1.1. The SV X4 prototype chip has been received and tested, and it
works very well. The experiments plan to fix some minor
problems before production.

1.1.3.1.2. DO has shown noise and pedestal results of alayer 1 module
equipped with SV X4 chips and connected to ELMA detectors.
This represents a major success on many fronts. CDF has also
positively characterized the SV X4 chip mounted on a hybrid
prototype, in addition to afull stave equipped with SV X3d chips.
A full stave prototype with final componentsis being prepared.

1.1.3.1.3. Both DO and CDF have made good progress on the analog
cablesfor layer 0. In particular, CDF continues to develop a
50 mm pitch analog cable, while DO now takes a conservative
approach using 100 mm pitch stacked cable. The DO approach
greatly reduces the technical difficulties. DO has already received
two batches of prototypes with good yield. In addition, they have
assembled afull layer 0 module and have studied the noise pick
up problem. They have reproduced the present CDF layer 00 noise
problem and found an effective grounding scheme to solve it.

1.1.3.1.4. Both experiments have experienced unexpected failuresin
some parts of their current detectors and have now tried to
mitigate the effects of failure modesin their designs. Thisis
particularly true in the wake of the CDF radiation accident of last
March. This accident has been studied in detail, but the
underlying mechanism is still not understood. As a partial
countermeasure CDF has introduced a Priority Bypass Chip that
would limit the effect of such afailureto asingle hybrid instead a
full readout chain.

1.1.3.2. Comments:
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1.1.3.2.1. The success of the SV X4 chip isthe single most important
element of the presentations. It eliminates a major source of
concern and puts the groups in the unusual condition of starting
the project with an almost final readout IC in hand. The complete
characterization of the SV X4 ASIC isvery important before the
next prototype is submitted. The different noise figures presented
should be reconciled. The plan of acquiring from the November
2002 submission alarge fraction of the chips ultimately needed,
seems to be a good hedge against schedule risk.

1.1.3.2.2. The hybrid development is also on the critical path and great
attention has to be paid to it.

1.1.3.2.3. The construction of module and stave final prototypes, with
their potential for uncovering problems early in the construction
phase, isacrucia step that the groups recognize and are pursuing
at full speed.

1.1.3.2.4. The anaog cables connecting the layer O strips to the hybrids
are recognized as a technical risk by both the committee and the
groups. The cables involve two major concerns: production yield
and noise pick-up. Many experiments have experienced problems
with low production yield of fine pitch flex cables, and CDF is
experiencing noise pick-up problems with the analog flex cablein
their current layer 00 detectors. The robustness of DO’ s stacked
flex cable still needs to be evaluated, whereas the vendor
providing CDF fine pitch cables has been known to have
inconsistent quality in production, especially in the ability to wire-
bond.

1.1.3.2.5. Although aternative design solutions for layer O might be
possible, the current design is the one that has been proven for the
CDF layer 00. Both groups are applying a great deal of R&D
effort to ensure that the cables can be produced and that the layer
0 modules have adequate performance.

1.1.3.2.6. The unknown mechanism leading to failuresin the CDF
radiation accident raises concern about the sensitivity of the new
design to high rates of radiation and to the possible existence of
single points of failure.

1.1.3.3. Recommendations:

1.1.3.3.1. The committee encourages the groups to converge to a
common technological solution for the layer O analog cables and
to pursue this solution with multiple vendors. Noise suppression
studies should continue in the short term. The groups should
define a clear decision path and branch pointsto arrive at
production. The quality of the cable needs to be monitored as
closely as possible during production.

Director's Review of CDF and DZero Run I1b Detector Upgrades
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1.1.3.3.2. Complete stave failure modes should be clearly identified. The
design should be analyzed in terms of these failure modes, trying
to minimize their effect on overall performance. For instance, long
daisy chains should allow break points, as the CDF Priority
Bypass Chip solution, clock and control lines should have
reasonable connection redundancy and what-if scenarios should
be developed for foreseeable problems. The possible failure of the
SV X4 chipin stressful conditions (such as high radiation rate,
high temperature, etc.) should be examined and mitigated as much
as possible.

1.1.3.3.3. Thedesigns should be reviewed to eliminate single-point
failures and to identify high-risk items such as connectors and
couplings in the cooling system. These require specia attention in
long-term testing.

1.1.4. Quality Assurance
1.14.1. Findings:

1.1.4.1.1. Both experiments base their approach to testing and burn-in on
their experience with the Run I1a detectors.

1.1.4.1.2. Both experiments have developed and presented a preliminary
production QC/QA plan.

1.1.4.2. Comments:

1.1.4.2.1. The planned burn-in at low temperature can be contrasted with
the approach taken in space sciences to burn-in the hybrids at
elevated temperatures to eliminate infant mortality, and to subject
the finished but unpowered ladders or staves to conditions below
the operational temperature to find solder-joint and glue-joint
problems due to thermal stress.

1.1.4.3. Recommendations;

1.1.4.3.1. The groups should develop a comprehensive QC/QA document
describing the tests to be done on each component and on the
assemblies. They should take into account the industry standard
procedures in terms of elevated temperature reliability testing.
Particular care should be devoted to performing as extreme a test
as possible on each component prior to assembly. These may
include low and high temperature cycles, mechanical stress tests,
elevated temperature burn-in, and should be focused on provoking
failure early in the assembly process, thus reducing the rework
rate and increasing the reliability.

1.1.5. Mechanical structure and cooling
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1.15.1. Findings:

1.1.5.1.1. Thetwo groups are pursuing different solutions for the stave
cooling tube material: carbon fiber for DO and PEEK for CDF.
The difference is mainly motivated by the different aspect ratio of
the channels, deriving from the different structure of the staves.
Both solutions seem well justified and viable, although some
technical issues remain. CDF has previous positive experience
with PEEK.

1.1.5.1.2. DO scarbon fiber solution also improves the rigidity of the
stave. A large amount of investigation on the characteristics of the
carbon fiber has been done.

1.1.5.1.3. CDF made good progress fabricating the fixtures for the
module assembly. DO is ready to fabricate the fixtures, but doesn’t
yet have them in hand.

1.1.5.1.4. The collaborations have been given new guidelines asto the
bunch structure and the luminosity goals for Run I1b. The new
baseline with 396 ns bunch spacing yields alonger luminous
region than the original 132 ns option (28 cm vs. 15 cm). Thiswill
lead to areduced tracking efficiency for DO due to the shorter
inner layer staves.

1.152. Comments:

1.1.5.2.1. Each cooling pipe solution has its own merits and problems.
The carbon fiber long-term stability is not well known. In
addition, being conductive, it will induce noise on the sensors,
requiring an effective grounding scheme to minimize the noise.

1.1.5.2.2. PEEK isintrinsically much lessrigid than carbon fiber,
although its stability and radiation resistance are well known.
Square to round transition points and gluing may pose reliability
problems with this material. A carbon fiber solution could reduce
the gravitational sag of the stave and increase the vibration
frequency of its fundamental mode. Although CDF claims that
200 nm sag does not affect SVT capability, it is still aconcern to
us.

1.1.5.2.3. CDF experienced failure of the cooling interconnectsin the
ISL. This points to the need for both experiments to engineer
carefully their cooling system and to leave ample time for long-
term testing.

1.1.5.3. Recommendations:

1.1.5.3.1. Thelong-term stability of the carbon fiber tubes should be
confirmed through accelerated aging tests. For the PEEK tubes the
reliability of the square to round transition and of the glue
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connection should be measured. Long-term leak tests under
pressure and thermal stress should be carried out.

1.1.5.3.2. CDF should evaluate the relative advantages and disadvantages
of the carbon fiber solution.

1.1.5.3.3. The committee recommends that high priority be given to the
fabrication of amechanical stave to characterize mechanical,
cooling capability and robustness against thermal stress, aswell as
other mechanical properties.

1.1.5.3.4. DO should conduct further studies on the impact of the 396 ns
option and consider increasing the length of the inner layersto
recover the efficiency loss.

1.1.6. Management and schedule
1.16.1. Findings:

1.1.6.1.1. Thetwo collaborations attempted to reconcile and/or
understand differencesin their cost and manpower estimates.
Nonetheless, DO’ s technical manpower estimate (130,000 hours)
is about 60,000 hours higher than CDF's (70,000 hours).

1.1.6.1.2. DO has shown a study of schedule sensitivity to slippage of
intermediate tasks. Most task slippage has apparently little impact
on the project end date.

1.1.6.2. Comments:

1.1.6.2.1. Both teams show adequate management structure, although it
isnot clear if the configuration control is adequate. DO has all
level 3 managers named and in place, while CDF has only
subsystem managers.

1.1.6.2.2. The committee did not have enough time to examine the
manpower estimate in details and to understand whether the
differences and the absolute values are well justified.

1.1.6.2.3. The committee understands that the manpower available at
Sidet during the silicon upgrades might not be sufficient to satisfy
the needs of al the FNAL silicon projects.

1.1.6.2.4. The schedule sensitivity shown by DO has only limited interest,
since no leveling was applied, and likely the resources in the
varied schedules are over-allocated.

1.1.6.3. Recommendations:

1.1.6.3.1. Thetwo collaborations should continue to work on the budget
and manpower comparison to identify the causes for the
differences, and to justify them.

1.1.6.3.2. CDF should name the level 3 managers as soon as possible.
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1.1.6.3.3. Schedule sensitivity should be analyzed by both experiments
including manual or automatic leveling of resources.

1.1.6.3.4. The groups should define a clear process through which the
design of partsis approved before starting production or
procurement. This process may include sign-off procedures, final
design reviews, production readiness reviews. Thisisurgent for
those parts that need to be ordered soon. In some cases such
procedures may already bein place.

1.1.6.3.5. The cooperation between the experiments on crucial technical
issues should continue and be reinforced. Commonality of the two
designs has aready been well exploited but continuing
collaboration during construction is crucial to ensure atimely
completion of the project.

1.2. CDF Calorimeter Upgrades

1.2.1. Central Preradiator Upgrade

1.2.1.1. Findings:

1.2.1.1.1. The TDR describes convincingly the need for replacing the
Central Preshower Detector. It aso describes the structure of the
proposed detector in about 1.5 pages. The TDR is accompanied by
a 12-page WBS dictionary and twelve milestones are indicated in
the Gantt chart for the task. The cost of this upgrade is estimated
to be $700K plus 30% contingency, although costs given in the
presentation were not the same as in the WBS dictionary which
was made available on the web.

1.2.1.2. Comments:

1.2.1.2.1. The physics case for the upgrade appears to be well justified
and the technical risks are minimal.

1.2.1.2.2. Thereisno indication of any technical drawings associated
with the design. Because of thisit is difficult to know how the
phototubes are mounted and how the fibers are routed. No
prototype studies of the baseline design are presented.

1.2.1.2.3. The TDR does not address the issue of the performance of the
multi-anode PMTsin the return field of the solenoid magnet. In
discussion, however, the proponents indicate that they are already
operating these PMTsin similar field conditions.

1.2.1.2.4. Many tasksin the WBS dictionary have no time duration. For
example, the R&D task requires $101K but is completed in one
day. There is no indication of the deliverables from the R&D
work.
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1.2.1.3. Recommendations;

1.2.1.3.1. Thistask would be strengthened by more evidence of
engineering work in planning the design. The TDR indicates that
prototype studies using the Dubna scintillator are underway. Any
guantitative preliminary results from this work would be useful.

1.2.1.3.2. A statement should be added to the TDR on experience with
these phototubes in similar magnetic field conditions.

1.2.1.3.3. The costs given in the WBS dictionary should be reconciled
with those given in the presentation.

1.2.1.3.4. Thistask isready to baseline, although the documentation
would benefit from the additions just mentioned.

1.2.2. EM Calorimeter Timing

1.2.2.1. Findings:

1.2.2.1.1. The TDR describes the need for atiming measurement from
the 960 PMTs of the central EM calorimeter and 768 PMTs of the
plug EM calorimeter. The technical aspects of the work are
described in about 1.5 pages, Thereis aclear description of the
inductive splitter, its negligible effect on the calorimeter energy
measurement, and the time resol ution obtained using an LED
signal. The TDR is accompanied by a 13 page WBS dictionary.
Thetotal cost of this upgrade is estimated to be $250K plus 30%
contingency.

1.2.2.2. Comments:

1.2.2.2.1. The scope of thistask appearsto be clearly defined and a
working solution has been demonstrated.

1.2.2.2.2. Thisdoes not appear to be an upgrade of the highest priority
but it would certainly strengthen the characteristics of the
detector.

1.2.2.3. Recommendations:
1.2.2.3.1. Thistask appears ready to baseline.

1.3. CDF Trigger/DAQ Upgrades

1.3.1. General Commentson CDF Trigger Upgrades
1.3.1.1. Findings:
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1.3.1.1.1. TheRun llaCDF trigger design is sound and presents awell
defined upgrade path for Run 11b operation.
1.3.1.1.2. The maximum rates at each of the three trigger levelsin the
proposed Run I1b system are as follows:
Level-1 accept: ~50kHz
Level-2 accept: ~1kHz
Level-3 accept: ~85Hz
1.3.1.1.3. Extrapolations performed by the CDF trigger group indicate
that the proposed Run 11b trigger system will function well at a
luminosity of 4 10* /cm?/sec with 396 ns bunch spacing.

1.3.1.2. Comments:

1.3.1.2.1. The CDF detached vertex trigger has demonstrated impressive
performance under the present Run Ila conditions.

1.3.1.2.2. The CDF scheme for incremental installation and testing is
commendable.

1.3.1.2.3. If aluminosity of 2" 10* /cm%/sec is reached at the end of Run
I1a, the present CDF trigger and DAQ systems may be operating
near or beyond their design capacity.

1.3.1.2.4. Commissioning the proposed Run I1b trigger system will
require significant manpower resources as well as careful co-
ordination between the trigger group and all other detector
components, most notably data acquisition. Although a general
installation plan isin place, careful consideration should be given
to the details of the commissioning effort as the Run I1b projects
evolve.

1.3.1.3. Recommendations:

1.3.1.3.1. Estimates of varioustrigger line rates for Run I1b conditions
use current performance figures extrapolated linearly to higher
luminosity. To verify these extrapolations, the CDF trigger group
should also consider using simulated events for high luminosity
conditions which include multiple interactions per bunch.

1.3.2. XFT Upgrade

1.3.21. Findings:

1.3.2.1.1. TheCDF Run Ilb Level-1 track trigger, which the proponents
call the extremely Fast Tracker (XFT), isan upgraded version of
the track trigger designed for Run Ila. The new design preserves
the general architecture of the Run llatrack trigger.

1.3.2.1.2. Since roughly 50% of all physicstriggersinvolve tracks from
the XFT, itiscrucial to overall system performance.
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1.3.2.1.3. Theupgraded XFT derives its main performance gain by
exploiting a factor-of-three improvement in the precision of the
timing information transmitted from the upgraded TDCs to the
XFT. This reduces the effective size of the trigger elements,
leading to areduction in fake tracks and an improvement in the P,
and j o resolution.

1.3.2.1.4. The system also incorporates stereo information, which further
reduces the rate for fake lepton triggers. This feature would be
particularly crucia if the collider wereto run at 132 ns, which
would eliminate the factor-of-three timing advantage cited above.

1.3.2.1.5. Theoverall effort required for the XFT is significant, involving
roughly 70 complex PC boards and at atotal estimated cost of
$2.6M dollars. Significant effort has already been expended on
many design details of the XFT. However, it appears that a
considerable amount of work remains on printed circuit board
design and firmware development.

1.3.2.2. Comments:

1.3.2.2.1. A successful upgrade of the XFT track trigger is essential to
successful operation of CDF during Run I1b, as has been
presented by the proponents. Their simulations show arapid
deterioration in P and j o resolution aswell asarapid increasein
fake rate as the number of interactions per crossing increases.

1.3.2.2.2. The XFT design appearsto be sound and is sufficiently well
advanced to be credible. Although the committee did not examine
costs and technical risks in detail, the proposed design appears to
be within the state of the art and is sufficiently well defined to be
reliably costed. There is some indication from comparison with
similar systems that the cost estimates may be on the high side.

1.3.2.2.3. Complete confidence in the design can only be gained through
use with realistic signals from the detector.

1.3.2.3. Recommendations;

1.3.2.3.1. The proponents should further validate the upgraded XFT
design by studying its performance using a software emulation
based on Run lla data and/or (if possible) by testing prototype
boards with actual signals from the detector.

1.3.2.3.2. The committee feelsthistask is ready to baseline.

1.3.3. TDC Replacement for the Central Outer Tracker

1.3.3.1. Findings:
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1.3.3.1.1. Thecurrent TDC modules used for the COT will seriously
limit the ability of the CDF detector to take dataat Run I1b rates
for severa reasons:
Hit processing is performed only after a Level-2 accept,
hence the total processing plus readout deadtime
associated with a Level-2 accept istoo large.
The readout of the TDC buffers viaVME block transfer is
too slow.
Data transfer out of the TDC crates via TAXI istoo slow.
1.33.1.2 The current modules do not provide the information needed by
the proposed XFT upgrade.
1.3.3.1.3. The proposed TDC upgrade provides an elegant solution to all
of these problems. The timeto digital conversion, hit processing,
buffering, and readout can be implemented in asingle Altera
Stratix FPGA.
1.3.3.1.4. Thecost of thistask is approximately $1.67M, which includes
33% contingency.

1.3.3.2. Comments:

1.3.3.2.1. The committee feels the CDF trigger group is pursuing the
correct solution to this problem and that the proposed upgrade
should be implemented.

1.3.3.3. Recommendations:
1.3.3.3.1. The committee feels this project isready for baselining.

1.3.4. Level-2 Decision Crate

1.34.1. Findings:

1.3.4.1.1. Theestimated cost for thisitem is $215K plus 30%
contingency for M&S.

1.3.4.1.2. The proposed replacement of the Level-2 decision crate
addresses the need for increased bandwidth and computing power
for the Level-2 trigger system. It is proposed to replace the Level-
2 systems by newly developed electronic boards, which have been
developed in the context of the Level-2 test-stand (Pulsar system).

1.3.4.1.3. The proponents list additional reasons to do this upgrade,
pointing out that the currently employed al pha processors do not
provide a viable hardware platform for the longer term, and that
the current diversity of interface boards to the front end
€l ectronics poses serious maintenance i Ssues.

1.3.4.1.4. The proposed new boards have a common design for all
systems, with small interface boards specific to each detector
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component. The design makes use of standard commodity PCs to
provide CPU power, instead of using embedded CPUs. It also
uses the S-LINK bus system developed and implemented at
CERN and used by Atlas.

1.3.4.2. Comments:

1.3.4.2.1. Thisapproach appears reasonable. It provides a simplification
of the system and a clear upgrade path for the increased needs for
processing power.

1.3.4.2.2. However, no specific study was presented justifying the
specific design and performance. The documentation provided in
the TDR is very abbreviated and involves less than a page of text.
It is beyond the scope of this review to look in detail into the
design, implementation, costs and risks.

1.3.4.3. Recommendations;

1.3.4.3.1. Because of the limited information available areview of the
technical solution, cost estimate, and schedule still remains to be
done. The committee recommends that the project provide a more
detailed report in the future. For the time being, the resources for
this upgrade should become part of the “ project trust fund”
recommended by the PAC.

1.3.5. Event Builder Switch

1.35.1. Findings:

1.3.5.1.1. The cost estimate for thisitem is $414K + 30% contingency.
The estimate only considers the equipment costs to upgrade
existing hardware and to provide spares.

1.3.5.1.2. The upgrade isto increase the bandwidth of the system and
hence to accommodate the higher rates and larger event sizes of
Run I1b operation. The required bandwidth is estimated to be at
least 250 Mbytes/second.

1.3.5.1.3. The current CDF Event-Builder consists of a 32 port OC3
ATM switch with a bandwidth limit of 240 Mbytes/s. About 60%
of that bandwidth has been achieved in benchmark tests using
simulated event sizes of Run I1b. It is possible that up to 80% of
the theoretical limit could be achieved after tuning the system.

1.3.5.1.4. CDF proposes to upgrade the switch to provide OC12 ATM
links. Thiswould increase the throughput of the system to a
theoretical limit to 1 Gbyte/s.

1.35.2. Comments:
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1.3.5.2.1. The committee did not hear any evaluation of alternativesto
the proposed solution, such as replacing the ATM switch with a
Gigabit Ethernet switch. DO has successfully implemented such a
system, and this approach may be feasible, cost effective and
would remedy issues with the ATM interfaces on the processing
nodes.

1.3.5.2.2. Itisnoted that the OC12 (and OC3) interfaces on Linux
computers are not commodity items. The devel opment and
integration of these drivers and their upgrade to accommodate
new versions of Linux requires a high level of expertise. CDF has
currently decided to freeze the Linux version on their event
builder nodes because of incompatibilities of the OC3 interface
drivers with the latest kernel versions. It will be important to keep
open the option of upgrading to more recent versions of the kernel
if one wishes to be able to use modern higher performance
hardware.

1.3.5.2.3. The committee feels that this poses a significant risk to the
project which has not yet been adequately addressed. Thereisa
possible need for asignificant software effort to modify and
integrate drivers for OC12 which has not been accounted for in
the project costs. The group proposes using students for this work.
Since individual students only remain with the project for a
limited time, it will be important to ensure that the code they
produce can be maintained by others.

1.3.5.3. Recommendations:

1.3.5.3.1. The committee recommends an explicit assessment of this
issue. Therisks related to these issues should be elaborated and a
mitigation plan proposed.

1.3.5.3.2. All related efforts and costs, including software and
integration, should be tracked by the project, and thus be included
in the WBS and schedule (WBS item 1.3.4.1), even if some of the
effort is entered as zero-cost items.

1.3.5.3.3. Thistask isready to baseline but before procurement other
technical solutions should be examined.

1.3.6. Level-3 Processor Farm

Findings, comments and recommendations in these paragraphs concern both DO and
CDF, and are presented here for both experiments.

1.3.6.1. Findings:

Director's Review of CDF and DZero Run I1b Detector Upgrades
August 12-15, 2002
Review Committee Report

19



DRAFT —Version 5.0 /9/27/02

1.3.6.1.1. TheRunll Level-3 systems of DO and CDF are scalable farms
of Linux PCs, alowing the experiments to make use of
commodity hardware for compute nodes, networking
infrastructure and data storage. The committee commends DO for
their very successful effort in bringing their commodity hardware
Level-3 system into operation.

The designs for the Level-3 systems allow a straight-forward
upgrade to increase the throughput and processing power.
Replacing older compute nodes with new higher-performance
commodity hardware will take advantage of Moore' s law to obtain
the required performance increase. The committee in general
agrees with the need for regular upgrading the systems during Run
Ila. Thiswill provide the necessary computing power at the start of
Runlb.

The estimated computing needs for Run 11b are based on a linear
scaling of the current processing needs to the Run I1b situation
with multiple interactions per bunch crossing. CDF and DO are
starting from quite different processing needs. Thisleads to the
estimated Run I1b requirement of 6 CPU seconds per event for
CDF, and 1.5 CPU seconds per event for DO, on a1 GHz Pentium
[1l. Thereisthe assumption that CPU performance will continue
to increase by afactor of about 1.7 each year.

CDF proposes to arrive at the required level of performance by
upgrading 85 nodes each year in FY 03, FY 04 and FY 05, with
estimated costs of $390K plus 30% contingency.

DO proposes to upgrade 32 nodes in FY 04 and 64 nodesin FY 05,
at atotal cost of $210K plus 70% contingency.

1.3.6.1.2. CDF does not foresee any upgrade of other DAQ-related
computing systems as part of the scope of this project, although
they will certainly be needed. The committee was informed that
CDF considers those costs to be part of regular computing
upgrades funded as operating expenses for Run lla.

DO, on the other hand, proposes an upgrade of DAQ-related
computing systems, including data base servers and data storage
servers. The cost of these for DO is $247K plus 50% contingency.

1.3.6.2. Comments:

1.3.6.2.1. The committee notesthat if both experiments targeted their
Level-3 upgrades solely for Run 11b, they would probably procure
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all processors as late as possible. That would allow CDF to obtain
1.8 times the performance at equal costs, or to decrease the costs
by 60% with the corresponding benefit of being able to reduce the
size of the system.

1.3.6.2.2. Thiscommittee was unable to look in detail at the proposed
technical solutions, validity of approach and estimated costs. It
feelsthat DO estimated costs for the “host systems” upgrade are
relatively high for providing arather moderate, although highly
available storage system of about 5TB and two data base servers.
Those costs, like the costs for the farm upgrades, could probably
be lower if the upgrades were targeted to 2006, instead of being
available already in FY 04.

1.3.6.2.3. The committee does not disagree with the claim that computing
upgrades in the DAQ areawill be needed aready for the expected
increase in luminosity and rates of Run Ila.

1.3.6.2.4. The use of commodity systemsfor Level-3 and DAQ has
resulted in large similarities between the computing systems used
for online and offline. The expected rise in Level-3 output rates
and the increase in event size because of higher detector
occupancies will have an important impact on the need for offline
computing and data handling systems. These needs include
network throughput and physics analysis resources at outside
institutes. The increased resource requirements will not be a step
function with the start of Run I1b but will rise progressively
during Run lla as luminosity increases.

1.3.6.3. Recommendations:

1.3.6.3.1. The committee feels that the experiments have not yet created a
plan reconciling both the need for upgrades during Run l1a and the
provision of computing power for Run I1b. It recommends
developing such an integrated plan for computing upgrades taking
into account both needs and thereby optimizing the use of
resources.

1.3.6.3.2. The committee recommends that software and computing
issues both in online (DAQ and Level-3) and in offline be
addressed by a separate standing Run l1a/lb computing review
committee.

1.4. CDF Installation

1.4.1. Findings:

14.11. The present installation plan is described in about 2/3 of apage in
the TDR. Aninstallation time of 34 weeksis called for, including 50%
contingency. The task is supported by a 27 page WBS dictionary. The
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estimated cost is $768K plus a contingency of $502K. The work
requires an average of 17 FTEs over its duration and is based on a 40-
hour week.

1.4.2. Comments:

14.21. Theinstallation manager and histeam are highly experienced and
appear to be fully able to organize and complete the work. The present
description in the TDR, however, is quite abbreviated. The presentation
to the committee was much more informative and compl ete.

1.4.2.2. NoLevel 3 managers areidentified for this task.

1.4.2.3. No profile of the manpower is shown over the duration of the task.

1.4.2.4. Planning is needed of the ramp-up of the installation process. An
effort should be made to minimize simultaneous responsibility of
individuals for both finishing the construction and planning installation.

1.4.3. Recommendations;

1.4.3.1. It would strengthen the TDR to include a summary of the tasksto
be done and a monthly breakdown of the manpower required,
according to type.

1.5.00 Level-1 Trigger Upgrades

1.5.1. General Comments: related to the DO Trigger

15.1.1. Findings:

1.5.1.1.1. The maximum rates at each of the three trigger levelsin the
proposed Run I1b system are as follows:
Level-1 accept: ~5kHz
Level-2 accept: ~1kHz
Level-3 accept: ~50Hz
1.5.1.1.2. For DO the acceptable rate from Level-1 is approximately an
order of magnitude lower than for CDF.

151.2. Comments:

1.5.1.2.1. TheRunllaDO trigger design appears able to meet its
technical specifications and represents a reasonable basis for the
Run I1b upgrade.

1.5.1.2.2. Despitethis, if aluminosity of 2" 10* /cm?/sec with 396 ns
bunch spacing is reached near the end of Run Ila, the present DO
trigger and DAQ systems may be near the limits of their design
capacity.

1.5.1.2.3. Simulations and extrapolations performed by the DO group
indicate that the proposed trigger upgrade for Run 11b will
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function well at aluminosity of 2 x 10*?and 396 ns. The
committee accepts their conclusion.

15.1.2.4. Early deployment of some of the upgrades could help latein
Run Ilaif the luminosity is high.

1.5.1.2.5. The DO scheme for incremental installation and testing is
commendable.

1.5.1.2.6. Studies for aluminosity of 4" 10* /cm?/sec and a bunch
spacing of 396 nsindicate that some of their trigger components,
most notably the high P; track trigger, may again be very close to
their operational limit. This represents potential scope risk and
needs to be examined further. In particular, the performance of the
Level-2 silicon tracker, which is an important part of their trigger,
needs to be simulated under these conditions. Since theissueis
associated with headroom beyond the baseline luminosity we
believe it should not impact baselining the project. The
contingency might reflect this risk.

15.1.3. Recommendations:

15.1.3.1. TheDO Level-2 and Level-3 trigger algorithms for Run I1b
have not yet been finalized. Some of this software will be
developed during Run Ila, but substantial additional effort will be
needed for Run I1b. We recommend that an explicit plan be
developed for producing the Level-2 and Level-3 trigger
algorithms and associated software tools.

15.2. Level-1 Tracking Trigger

15.2.1. Findings:

1.5.2.1.1. TheRunllb Level-1 track trigger, which employs hits from the
charged fiber tracker (CFT), isan upgraded version of the LICTT
trigger designed for Run Ila.

1.5.2.1.2. Sinceadmost all physicstriggersinvolve the combination of
information from another detector subsystem with tracks from the
L1CTT, itiscrucia to overall system performance.

1.5.2.1.3. The new design preserves the general architecture of the
Run lladesign and derives its main performance gain from the use
of single fiber hits, as opposed to the doublets employed in the
Run Ila design. Implementation of thislogic involves a substantial
amount of new hardware (M& S costs of $1.1M, including
contingency) primarily for replacing the 80 daughter boards that
implement the L1CTT logic.

1.5.2.1.4. Significant effort has already been expended on many design
details of the upgraded L1CTT. For example, the group is well
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advanced in defining the logic and establishing the capacity of the
field programmable gate arrays required to implement it. Results
of reasonably detailed physics simulations were presented which
showed improvements in rejection of more than an order of
magnitude relative to Run lla

1.5.2.2. Comments:

1.5.2.2.1. A successful upgrade of the L1CTT track trigger is essential to
successful operation of DO during Run I1b. This comment is
supported by simulation data presented by the proponents, which
show arapid degradation in performance of the current system
even at modestly increased occupancies, such as those that may be
encountered near the end of Run Ila.

15.2.2.2. TheL1CTT design appearsto be sound. The designis
sufficiently well advanced to be credible. Additional confidence
would come from more detailed studies based on the
superposition of real minimum bias events.

1.5.2.2.3. Although the committee did not examine costs and technical
risksin detail, the proposed design appears to be within the state
of the art and is sufficiently well defined to be reliably costed.

1.5.2.3. Recommendations;

1.5.2.3.1. The proponents should further validate the upgraded L1CTT
design by studying its performance using a software emulation
based as closely as possible on Run Il1a data but with multiple
events superimposed as expected for the conditions of Run I1b.
1.5.2.3.2. Thissubsystem appears ready to baseline.

1.5.3. Level-1 Calorimeter Trigger

1.5.3.1. Findings:

1.5.3.1.1. The DO Level-1 calorimeter trigger is based on signals from
1280 EM towers and 1280 hadronic towers, each 0.2" 0.2 in h and
j -

1.5.3.1.2. Theinput signalsto thetrigger are rather slow, with a 150 ns
rise time and 400 ns width. This makes their association with a
given bunch crossing difficult for a 132 ns bunch crossing time.
Operation at 396 nsis more straightforward.

1.5.3.1.3. The calorimeter tower size for the trigger is currently much
smaller than the characteristic size of ahadronic jet. Thisleadsto
avery slow turn on of the jet trigger efficiency as afunction of E;.
For example, to obtain 100% efficiency for a60 GeV jet requires
atower threshold of only 6 GeV. Theresult isaLevel-1 jet trigger
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dominated by low energy jets. The efficiency for electrons and
photonsis similarly degraded for impact points near tower
boundaries. The proposal is to implement a sliding window
algorithm and alarger jet tower size to sharpen the trigger
threshold.

1.5.3.1.4. Thecenter of ajet is estimated by a sliding window of 0.4 0.4
over the trigger towersto locate local maxima. The jet energy is
estimated by summing over aregion of 0.8" 0.8 centered on a
maximum found by the sliding window.

1.5.3.1.5. Theresultisthat for a setting which gives 85% efficiency for
jets above 40 GeV, the trigger rate is reduced by afactor of 3. The
electron trigger is similarly strengthened. The performance for
particular channels of Higgs production is shown.

1.5.3.1.6. Thedesign includes the capability to add signals from the inter-
cryostat detectors into the energy trigger to further improve
resolution. It also introduces the possibility of enriching the
trigger in t leptons through the presence of avery narrow jet in
the calorimeter.

1.5.3.1.7. The TDR contains 83 pages describing the principles of
operation, the performance, and the implementation details of this
upgrade. The schedule is described in a 92-line Gantt chart with 9
high-level milestones. The cost of this upgrade is $1.3M,
including 43% contingency.

1.5.3.1.8. Saclay, Columbia, and Michigan State propose to take the lead
responsibility for the task.

1.5.3.2. Comments:

1.5.3.2.1. The TDR contains extensive detail on studies done to explore
and optimize the performance of the system, as well as on the
design. The proponents would be well served if they could
characterize, relative to the Run Ilatrigger, the improvement
brought by this upgrade to the overall significance of the Higgs
signal. Other global performance figures would also be helpful to
make clear the impact of this upgrade.

1.5.3.2.2. The proponents have indicated in response to questioning that
elimination of the digital filter, which isless critical for 396 ns
operation, would save less than $50K since FPGAs are needed in
any case to format the data for the TAB boards which perform the
sliding window calculation.

1.5.3.2.3. Thethreeprincipal institutions al have extensive experience
with complex trigger systems.

1.5.3.2.4. The proponents indicate that they plan to test parts of the new
system during Run lla using signals from the present detector. We
view this as avery valuable process.
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1.5.3.3. Recommendations;

1.5.3.3.1. The proponents should try to characterize the performance of
the upgraded system with afew global figures of merit. The PAC
has emphasized the Higgs detection significance.

1.5.3.3.2. Thistask appears ready to baseline.

1.5.4. Calorimeter-Track Matching Trigger

1.54.1. Findings:

1.5.4.1.1. Thehigh rate of fake tracks and showers becomes a problem as
luminosity increases. DO studies have shown that at high
luminosity the proposed Level-1 track-shower matching system
will reduce the rate of false medium P; electron triggers by a
factor of two or three. It can also be used to reject fake tracks by a
factor of one to two orders of magnitude.

1.5.4.1.2. The proposed Cal-Track design combines information from the
upgraded CFT track trigger as well as the upgraded calorimeter
trigger to correlateinj hits between the two. The proposed design
uses the fact that an eight-fold increaseinj granularity will be
available from the proposed cal orimeter upgrade.

1.5.4.1.3. The system exploits the existing design for asimilar system
used to correlate CFT tracks with hitsin the muon system. The
use of an existing design minimizes both the cost and risk of the
proposed upgrade.

1.5.4.1.4. The cost of this project is approximately $260K, which
includes 31% contingency.

1.54.2. Comments:

1.5.4.2.1. Whilethe DO collaboration has not explicitly made the case
that the Cal-Track project is needed in order to successfully
pursue a high P; physics program, the committee feels that this
upgrade is a prudent and cost-effective measure given that the
overall trigger system may be struggling to provide adequate
rejection at the highest Run I1b luminosities. In particular, this
system could be a key ingredient in keeping the rate of high P,
track triggersto atolerable level at luminosities above
2 10* Jem?/sec, where 6 or more minimum bias events are
expected from each crossing and fake track trigger rates are a
potential problem.

1.54.3. Recommendations:
1.5.4.3.1. The committee feelsthis project is ready to baseline.
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1.6.D0 Level-2 Trigger Upgrades

1.6.1. Level-2 Beta Trigger

1.6.1.1. Findings

1.6.1.1.1. The presented project cost is $64K including 30% contingency.
No Fermilab labor has been assigned to thisitem.

1.6.1.1.2. The system will already be commissioned for Run I1a, where it
will replace the current Level-2 aphaboards. The group is
expecting to obtain pre-production Level-2 beta boards with
current-generation (commercially available) processor boards for
Run Ila. They will commission the system with about 26 boards
this year, completely replacing the existing Level-2 alpha boards.

1.6.1.1.3. The specified costs for this project are solely for upgrading 12
of the CPU boards to provide increased processing power to the
Level-2 trigger.

16.1.2. Comments:

1.6.1.2.1. Although the Level-2 computing boards were a high-risk item
for Run Ila, the committee feels that this project presents only
moderate risk for Run I1b.

1.6.1.2.2. Itis, however, of central importance for the DO upgrade to
achieve the goals for the Level-1 and Level-2 output rates. This
will require the rejection of substantially increased backgrounds,
specifically from the tracking triggers. With the Level-1 upgrade
many of the current Level-2 cuts will be moved to the Level-1
trigger. DO will need to develop anew set of Level-2 algorithms
to keep the Level-2 output rate below 1 kHz.

1.6.1.2.3. General ideasfor revised Level-2 algorithms were presented,
such as moving the vertex finding to Level-2. The exact
effectiveness of these cuts over Level-1 will need to be studied.
The required increase in CPU performance needs to be estimated
and a method devised to parallelize the processing on several
nodes.

1.6.1.2.4. The committee finds that most of the effort in thisitem isin
providing the necessary physics algorithms on the Level-2
processors. This effort is not spelled out in the project, but its
successis essential for the success of the Level-2 project.
Currently the Level-2 software effort consists of a reasonable
sized group of 6-8 physicists. The project will need to track this
effort.
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1.6.1.3. Recommendations

1.6.1.3.1. Upgrading the single board computers as this task proposes
represents a clear path towards obtaining the required processing
power. However, the committee has not seen detailed studies on
what resources are needed to obtain the required cut in Level-2
rate. Thus the cost estimates, which foresee replacing 12 of the
boards for Run I1b, should be considered somewhat preliminary,
and contingency should be foreseen in case more CPU resources
are needed.

1.6.1.3.2. The committee would like to see a Level-2 trigger report as a
milestone, where simulation studies and tests are compiled to
show the rejection power of the Level-2 for Run I1b running. The
report should address the required processing power and
bandwidth, and outline a plan for providing the required Level-2
software.

1.6.1.3.3. The committee feels that the proposed solution is reasonably
straight forward and cost effective and is ready to baseline.

1.6.2. Level-2 Silicon Track Trigger

1.6.2.1. Findings:

1.6.2.1.1. TheSilicontrack trigger (STT) isaLevel-2 trigger
preprocessor that combines information from the silicon
microstrip tracker and the Level-1 fiber tracker and produces high
resolution momentum and impact parameter information for each
track candidate. Since information is correlated between two
independent detector systems the rate of fake tracksisalso
reduced. The cost of this project is approximately $329K
including 43% contingency.

1.6.2.2. Comments:

1.6.2.2.1. TheSTT isakey component of the DO trigger system. It plays
an important role in all physicstrigger lines and is the key
ingredient in lines using detached vertices to tag b-jets.

1.6.2.2.2. Sincethe Run Ilaversion of the STT will be commissioned
during the next six months, verifying that the present device
functions within design specifications should be a key milestone
in the execution of the Run I1b system.

1.6.2.3. Recommendations:

1.6.2.3.1. The performance of the STT trigger at the highest proposed
Run I1b luminosities with a bunch spacing of 396 ns should be
studied further using the same detailed simulations used to
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validate the design for operation with a bunch spacing of 132 ns.
These studies, combined with the experience from commissioning
the STT for Run l1a, should be used to guidethe Run I1b STT
project.

1.6.2.3.2. The committee feels this project is ready to baseline.

1.7.D0 DAQ/Online Upgrades

See comments under 1.3.6 where these issues are discussed for both CDF and DO.

1.8. DO Installation

1.8.1. Findings:

1.8.1.1. Themaininstalation work involves replacing the DO silicon. This
operation involves steps similar to those carried out during the Run lla
installation and therefore can be planned with reasonable certainty.
During this operation the detector will remain on the beamline, unlike
the situation for silicon installation in Run lla

1.8.1.2. Theinstallation team estimates that atotal of 30 weekswill be
required from the time the Tevatron stops until the detector is closed.
The cost of the effort is $1.3M, including contingency, and a team of
45 (peak) physicists, engineers, and technicians. The average
manpower requirement is 24 FTES.

1.8.2. Comments:

1.8.21. Anappropriately detailed and credible plan was presented for the
installation. A management team has been named. Although the current
installation team is somewhat understaffed, the proponents argue that
additional experienced manpower will become available as the
construction part of the project winds down.

1.8.3. Recommendations:

1.8.3.1. Thegroup should revisit the installation plan as the date
approaches and the construction efforts are completed. At that time the
individuals available will be clearer. It will be important to minimize

additional responsibilities of the management personnel trying to
complete construction tasks.
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2. Cost, Schedule, Management Subcommittee Report
2.1. Cost and Schedule Section Common to Both Detectors
2.1.1. Overall Assessment

2.1.1.1. Findings

2.1.1.1.1. Boththe CDF and DO Run IIb management teams have
selected and are using project management software for cost and
schedule planning. Microsoft Project 2002 is the schedule and
resource tool, with COBRA as the cost and earned value tool.

2.1.1.1.2. Whilethe CDF and DO Run I1b projects are distinct efforts,
there has been a concerted effort to provide an economy of scale
when technically applicable. Thiseffort is seeninthe use of a
common readout chip (SVX4), the essentialy identical
specifications for the silicon wafers, and a common technology
for the hybrids (ceramic).

2.1.1.1.3. Although there are differences in confidence level, each project
has a defined set of sourcesfor al of the major components.

2.1.1.1.4. The procedures necessary to report and track effort at Fermilab
have not been established between the project offices, the Particle
Physics Division, and Fermilab management.

2.1.1.1.5. Both CDF and DO Run I1b management teams presented risk
analyses.

2.1.1.1.6. Neither project team presented specific plans for configuration
control.

2.1.1.1.7. Thenon-silicon project scope iswell defined.

2.1.1.1.8. While most systems do not have a*“final” design, many are
similar to systems built for RUN Ila. The technical solutionis
amost always known. There is a good understanding of how each
component will be acquired.

2.1.1.1.9. The WBS sof non-silicon project are complete, in the sense:

2.1.1.1.10. That there seem to be adequate stages of development — one or
more prototypes and pre-production stages, which seem
appropriate to the complexity of the modules.

2.1.1.1.11. Due attention is paid to al design and specification steps.

2.1.1.1.12. Provision is made for programmers of firmware, people to
perform and evaluate tests etc.

2.1.1.2. Comments

2.1.1.2.1. Boththe CDF and DO Run I1b management teams have made
significant progressin their cost and schedule planning since the
April 2002 Director’s Review. Additionally, both teams are to be
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commended for their frank discussion of the issues and challenges
that they see ahead.

2.1.1.2.2. Thereisaneed to establish an effort reporting system that can

satisfy the needs of the projectsto do timely cost tracking and
effort reporting. The “Review of the Manpower Requirements at
the Silicon Detector Facility for Run I1b and CMS’ (June 2002)
also cited thisissue.

2.1.1.2.3. Current planning calls for G&A funds to be managed by

Fermilab management. The process by which the G&A is
estimated and the subsequently levied against the projects have
not been fully described or understood by the management teams.
Furthermore, the project management offices should be aware of
the benefits they derive from the G& A contribution to Fermilab,
and peoplepower options available to them to optimize their
performance against the schedule.

2.1.1.2.4. There was significant discussion in the project teams

presentations on change control and levels of authority for each
management step, from DOE on down to the group managers
level. It did not appear that this system had solidified as yet. In
addition, even as the change control processis agreed to, their
needs to be more technical background work before an issue gets
into the change control process. Thiswork can be described as
configuration control. Change control process can be obliterated
and become dysfunctional if inundated with numerous requests
for change. The sifting process is configuration control that sorts
out what issue deserves to be fed into the change process. This can
be as ssimple as deciding that there are regularly scheduled
meetings among the members of the project team to discuss issues
relating to their respective systems and how those issues affect
each of them.

2.1.1.2.5. Thescopeisvery well defined and unlikely to change Itis

2113

driven by the requirements of doing high Pt physics at the baseline
luminosity, is constrained by the detector configuration after the
upgrade and the DAQ architecture, neither of which is changing
that much.

Recommendations

2.1.1.3.1. Nonein this Section.
2.1.2. Total Project Cost Estimates

2.1.2.1. Findings
Silicon Costs | M&S M&S Cont. L abor Labor Cont.
DO 8.1M$ 48M$ 39M$ 2.1 M$
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| CDF

| 7.6 M$ | 3.5M$ [ 25M$ [1.1M$

2.1.2.1.1. Thelabor estimate for Silicon isalmost afactor 1.7 larger for
DO than CDF. The scope of the detectorsisrelatively ssimilar (as
demonstrated by roughly identical M& S costs). CDF estimated
approximately 72,000 hours of technical labor versus the DO
estimate of 131,000 hours.

2.1.2.1.2. Inbreaking out M& S and labor costs, university labor is
defined asan M& S cost in the project files.

2.1.2.1.3. Thenon-silicon cost estimates seem to be realistic because

2.1.2.1.4. Inmany cases, the upgrade projects are replacements of or
similar to systems built for RUN lla

2.1.2.1.5. Inthose cases, labor is derived from actual experience of
calendar time taken and implicitly includes many real-world
effects that would be neglected in a*“time-and-motion” type
estimate. In many cases, the manpower isin place and is often the
same people who did the work in RUN2a.

2.1.2.1.6. Partsareusually from quotes. Where extrapolations seem
risky, contingency has been added to cover the uncertainty.

2.1.2.2. Comments

2.1.2.2.1. Intheview of the committee, a*historical cost estimate’, based
upon earlier silicon detector construction projects at Fermilab
(with the appropriate scaling), would have provided a more
reliable assessment of the real ‘ cost of doing business' at
Fermilab. In the absence of this, ‘top-down’ comparisons of the
USCMS EMU and US CMS HCAL Fermilab projects were
studied to look for agreement in Labor/M& Sratios. Labor
included all ‘thinking labor’ (EDIA-Engineering, Design,
Inspection & Administration) costs. For US CMS EMU labor was
~50% of the total construction cost, and USCMSHCAL was
~40%. The DO and CDF Run2B projects have ratios of 1abor
versus total construction costs of ~33% and ~25% respectively.
Furthermore, comparing EDIA between the two projects, we find
the CDF ratio to be almost a factor of two lower than the DO
project. Based upon this admittedly rough assessment, the
committee believes that the DO labor estimate is more predictive
of the anticipated labor costs.

2.1.2.2.2. Comparing the labor of the two projects at the lowest WBS
level the committee found afew tasks providing ~10,000 hours of
difference that could be justified based on different * make/buy’
approaches of the management teams. The remainder of the labor
disparity isunclear. This must be understood prior to the baseline
review.
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2.1.2.2.3. With university labor costs grouped together in the project files
with M&S costs, it is unnecessarily difficult to retrieve the real
amount of labor and M& Sin each of the projects.

2.1.2.2.4. Cost cross checks were made on the non-silicon projects by
doing an independent estimate or comparing with persona
experience and for the most part we concluded that the costs were
reasonable.

2.1.2.2.5. A magor issue arose. It was not clear whether contingency was
included in the projects for “zero cost” labor. If zero cost labor is
not actually available or lacks the skill or ability to do the job,
then where is the contingency to supply professionals to complete

the work?

2.1.2.3. Recommendations

2.1.2.3.1. Provide an explanation or correction to the current disparity in
labor estimates between two projects of roughly the same
technical scope and schedule.

2.1.2.3.2. Consider splitting the resource assignmentsin the Project files
in order to account separately for labor and M& S provided by a
University.

2.1.2.3.3. FNAL needsto determine how both projects are to handle
contingency for non-costed |abor.

2.1.2.3.4. Both projects should place a copy of their project's "standard
method" for assigning contingency in the front of the WBS
Dictionary/Cost books.

2.1.3. Schedule

2.1.3.1. Findings

2.1.3.1.1. Dueto uncertainties with the Tevatron schedule, the beginning
of installation of the tracker upgrades cannot be determined. As
such, installation and commissioning are considered not part of
the project, and the end of the project is defined as * Silicon
Tracker Ready for Installation’. This prudently decouplesthe
Run2b projects from Tevatron operations, and provides for
completion of the projects independent of their installation.

2.1.3.1.2. Both teams presented advanced conceptual plansfor
installation and commissioning of the tracker upgrades.

2.1.3.1.3. An adequate number of Level 2 (L2) and Level 3 (L3)
milestones exist to track the project efficiently.

2.1.3.1.4. Subproject specific critical path existed for the DO's (Trigger,
DAQ and Online schedules) and CDF's (Trigger and Data
Acquisition schedules).

2.1.3.1.5. Neither project showed an overall project critical path that
includes both silicon and non-silicon subprojects.
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2.1.3.2. Comments

2.1.3.2.1. Both the CDF and DO upgrade projects are relatively short
projects with aggressive schedules in order to maximize the
opportunity for physics prior to the turn-on of the LHC.
2.1.3.2.2. For the CDF and DO upgrade projects to be considered
successful, the baseline schedule must be achieved. A superior
technical detector, which does not provide an adequate window
for research, is not a successful project. With thisin mind, both
management teams are urged to maintain progress against their
baseline schedule as their highest priority.
2.1.3.2.3. Both projects are encouraged to status their projects with *work
performed’ in the R& D section to provide feedback on their
current performance against their planned work.
2.1.3.2.4. Both projects have set aside considerable contingency funds to
provide the necessary resources to maintain progress against the
schedule. However, while baseline peoplepower was allotted for,
it was not evident that an appropriate staffing plan is available
should additional people resources above the baseline estimates
become necessary.
2.1.3.2.5. Attemptsto introduce descoping or upscoping scenariosin
order to provide cost and schedule flexibility are apparently not
viable for either project without impacting the scientific mission
of the projects.
2.1.3.2.6. Schedule contingency for both projectsis contained in the
Level 1 and 2 milestones, which it appear there is adequate
schedule contingency to compl ete the projects by the CD-4 date.
2.1.3.2.7. The milestones appeared to be adequate for DO's non-silicon
project, but CDF non-silicon projects need additional ones added.
2.1.3.2.8. While work needs to be done to develop the non-silicon
schedules more completely, many of these activities involve work
that is outside of the physical boundary of the detectors and are
mainly independent of other tasks. Access to the detector is
needed to the CTT (DO) and for the TDCs and calorimeter work in
CDF. The non-silicon activities appear to have minimal schedule
risk to impact the overall projects critical path.
2.1.3.2.9. Mesting the Directors Milestones will not be easy. However,
we believe they can be met if the following conditions are met:
21.3.29.1.  adequate project management and administration staff
and support exists,
2.1.3.29.2. level 3 managersare putin place and level 2 and level 3
managers dedicate adequate time (frequently full time) to
their tasks,
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2.1.3.29.3. adequate engineering and technical support staff
(including contingency labor) to carry out the work is
provided,
2.1.3.29.4. laboratory management provides a high level of support
and puts a high priority on these projects, and
2.1.3.295. Project Managers effectively manage the overall effort.
2.1.3.2.10. The milestones appeared to be adequate for DO's non-silicon
project, but CDF non-silicon projects need additional ones added.
2.1.3.2.11. While work needs to be done on the non-silicon schedules,
many of these activities are outside the detector and are mainly
independent of other activities. Access to the detector is needed to
the CTT (DO) and for the TDCS and cal orimeter work in CDF.
The non-silicon activities appear to have minimal schedule risk to
impact the overall projects critical path.

2.1.3.3. Recommendations

2.1.3.3.1. Ensure that the staffing plan supports the full usage of the
contingency funds without slipping schedule.

2.1.3.3.2. Examine alternative paths to compress the schedule (and add
flexibility) by using additional staff and/or shifts either at
Fermilab or other critical parts providers.

2.1.3.3.3. Both projects should use a M S Project master project schedule
as one of the tools for accessing and managing the overall project,
which includes an integrated project critical path.

2.1.3.3.4. All schedules need to be progressed to show what work has
been accomplished for the period prior to the DOE review. Some
schedul es have been progressed, but not through the current
period. Others schedules have not been progressed at all.

2.1.3.3.5. Thenon-silicon schedules are to have a scheduled end date no
later than the Silicon's aggressive schedule end date.

2.2.DZer o Specific Cost and Schedule Items
2.2.1. Overall Assessment

2.2.1.1. Findings

2.2.1.1.1. The DO Run Ilb management team presented an organization
chart with a staffed project office and subsystem management
through Level 3.

2.2.1.1.2. The DO Run Ilb uses a single-source resource loaded MS
Project file for al project information. The DO project file
contains ~1780 lines, and provides a fully-integrated work plan
for the DO silicon effort. This plan has been developed by the
cognizant L2/L3 managers and includes all relevant project
information, including an estimate of the contingency needs.
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2.2.1.1.3. Burdening, (indirect costs and escalation factors) are added
externa to the project file manually. In the future this will be
done using COBRA. COBRA will be the primary cost tracking
tool and will be utilized to calculate earned value.

2.2.1.1.4. A risk assessment of the DO upgrade was performed which
found that the SV X4 chip and LO analog flex cables were the
areas of highest risk. Hybrids were also found to carry significant
uncertainty for the project.

2.2.1.2. Comments

2.2.1.2.1. Aspointed out earlier in this report, there has been a significant
amount of progress, both technically and organizationaly, in the
DO project. It was clear to the committee that the DO management
team has a good understanding of the challenges they have before
them. This has allowed the project team to assign contingency
with a higher degree of confidence than would otherwise be
possible.

2.2.1.22. The DO project is a relatively short project with a sharp
increase in funding in FY0O3 and FYO04, followed by project
completion in late FY05. As there is no explicit dack in the
schedule, performance against the schedule must be monitored
closely.

2.2.1.2.3. No performance versus schedule data was presented for the
current effort on the DO upgrade project. This information would
be very helpful to both the DO management and the baseline
review committee, and this committee encourages every effort be
made to understand the current progress against the schedule.

2.2.1.2.4. Therisein DO funding is matched by a corresponding rise in
the resources needed to accomplish work. This will require
careful coordination by the L2/L3 managers to ensure that
progress is made against the baseline plan.

2.2.1.3. Recommendations

2.2.1.3.1. Measure, as soon as possible, your current progress against the
current schedule.

2.2.2. Total Project Cost Estimates

2.2.2.1. Findings

22211 DO presented a silicon cost estimate of 12.0 M$ with a
contingency of 6.9 M$ (58%). The cost is split in 8.1 M$ for
M&S (with a 60% contingency of 4.8 M$) and 3.9 M$ in labor
(with a 54% contingency of 2.1 M$). Labor accounts for 33% of
the total project cost.
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2.2.2.1.2. The cost is aimost totally US-based. The cost is presented in a
fully resource loaded schedule with a WBS dictionary and
extensive Basis Of Estimate (BOE) documentation that we could
trace down to the lowest WBS level. Most of the money is spent
in FY03 and FY 04.

2.2.2.1.3. The mgjor cost item for DO M&S are the sensors (2.4 M$) and
the hybrids (4.2 M$). Labor-wise, DO averages approximately 70
FTEs, of which approximately 50 FTEs are SiDet personnel.

22.2.14. In severa cases the M&S cost estimate is based on vendor
guotes and existing technical specifications. High risk is
associated with alternative sensor vendors (ELMA) that are not
properly reflected in the contingency associated with the task.
Labor appears to be estimated based on stop-watch studies and
verbal communication with people involved in previous silicon
construction.

2.2.2.1.5. The EDIA="non-touch labor’/(M& S+"touch labor”) ratio in
DO is 23% including only project-paid technica labor, and 81%
including physicists if costed at 49%/h.

2.2.2.1.6. The following non-silicon Bases of Estimates (BOE) were
made available for review. The committee did not have time to
review all aspects of the various projects. A "yes' in the
"Reviewed" column indicates that a fairly detailed "drill down"
exercise was performed. For the other projects, committee
members just read the provided material.

WBSH# Name Est. Cost Reviewed
1.2 Trigger systems 45M
121 L1 calorimeter trigger 1.333M Yes
1.2.2 Calorimeter/Track match .257TM Yes
1.2.3 L1 central track trigger 1.181M* Yes
1.2.4 L2 beta system .064M
125 L2 silicon track trigger .329M
1.3 DAQ Online 1.4M
13.1 Level 3 systems (filter farm)
1.3.2 Network & Host systems YesBriefly
1.3.2.4 | Storage systems
1.3.2.6 | DAQ hosts
1.3.2.7 | Oracle database systems
1.3.2.8 | File servers
1.3.3 Control systems
134 DAQ/online

2222

*(No FNAL labor or G&A)

Comments

2.2.2.2.1. In genera the management team appears relatively strong on
the back-up of M& S cost estimates. Not much documentation and
support was made available to judge the readiness of running a
12M$ factory over 2 years although the committee got the feeling
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that all the proper words were mentioned (Incoming Inspection,
Multiple Vendors, Parts Fow, Travelers, Discrepancy
Reports,...).

2.2.2.2.2. This is the 2" silicon detector built by DO. Manpower
estimates based on historical charge-back would go along way to
really convince a cost review committee that the manpower
estimate is based on solid ground.

2.2.2.2.3. The labor cost estimating method uses “hours’ as the smallest
estimate unit. The committee was told that the estimate was
determined by a “stop-watch” method. This estimating method
does not naturally include daily inefficiencies and need to be
escalated for manpower inefficiency factors by approximately
15%. The committee, however, doesn’'t believe the estimate was
actually made by a “stop-watch” method. Rather it was probably
done with the usual assumption of daily productivity, since the
overall labor cost estimate appears to be in a good relationship
with the total project cost. The EDIA ratio is comparable to
experience from previous projects.

2.2.2.2.4. Cost for SiDet personnel training is not covered in the project.
The assumption is that trained personnel are provided and their
training is paid for some other way.

2.2.2.2.5. It appears to the Committee review that an additional cost of
approximately 150k$ on the base estimate is needed to cover for
the transition from 132 nsto 396 ns bunch.

2.2.2.3. Recommendations

2.2.2.3.1. Prepare summary WBS at Levels 3, 4, and 5 to help future
reviews.

2.2.2.3.2. Update the cost estimate to baseline for 396 ns bunch crossing.

2.2.2.3.3. Moderately beef-up the Basis Of Estimate documentation.
Most of the low-level documentation is available, but needs to be
made “reviewer-friendly”. Provide documentation and insure all
the numbers roll-up from the lowest BOE through the WBS.

2.2.2.3.4. Provide documentation for labor estimates using a reliability
factor for the source of estimate. Obtain from the PPD Budget
Office or the 15™ floor Personnel Office the actual SiDet cost for
the Run lla silicon detector construction and perform a “sanity
check” on the overall labor estimate.

2.2.2.3.5. The mixing of what was called "operations expenses’ into the
Trigger and DAQ project schedule was confusing. It would be
better to pull this out into a clearly off-project activity, such as
"pre-operations’ or leaveitin.

2.2.2.3.6. With some assistance there was success in following DO's non-
silicon projects BOE but there is still room for improvement in
how it is organized.
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2.2.3. Schedule

2.2.3.1. Findings

2.2.3.1.1. The DO management team has developed a schedule that
delivers the Run Ilb detector on 22Jul05. No explicit slack has
been added to the schedule.

2.2.3.1.2. Three tiers of milestones, with the appropriate levels of
hierarchy, have been developed to monitor the progress against
the schedule.

2.2.3.1.3. Thecritical path for the DO upgrade is the SV X4 chip followed
by the hybrids. The critical path then falls to the module and
stave assembly at Fermilab’s SiDet facility.

2.2.3.1.4. The schedule duration is adequate although the procurement
date of November 2002 for the SVX4 pre-production chip is
considered optimistic.

2.2.3.2. Comments

2.2.3.2.1. The DO upgrade schedule is aggressive. The serious activity
has already begun. Is it possible to report how the project is
currently doing against the schedule?

2.2.3.2.2. Itisclear that parts flow will be an issue for the DO upgrade
project, and the management team is to be commended for
beginning a dialogue with the Fermilab procurement department.
Project staff should work to advance procurements of key
components such as sensors, chips, and hybrids as early as
possible to ensure that the SiDet factory can assemble modules
and staves at the optimum rate.

2.2.3.2.3. For the schedule to be achieved, advance work on the QA/QC
plan and discrepancy issues must be developed now as thereis not
sufficient time to develop testing scenarios during the
module/stave production phase.

2.2.3.2.4. Another key area is a schedule driven procurement plan
providing an assured supply of key components to the SiDet
facility. There has been good progress toward integrating
procurement personnel into the DO project team.

2.2.3.3. Recommendations

2.2.3.3.1. Ensure that the staffing plan supports the full usage of the
contingency funds without slipping schedule.

2.2.3.3.2. Continue to advance procurements as much as technically
possible.

2.2.3.3.3. Develop and approve the QA/QC ‘Travelers documentation
for module and stave specifications now.
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2.2.3.3.4. Examine aternative paths to compress the schedule by using
additional manpower and/or shifts either at Fermilab or other
critical parts providers.

2.3.CDF Specific Cost and Schedule Items
2.3.1. Overall Assessment

2.3.1.1. Findings

2.3.1.1.1. The CDF Run lIb management team presented an organization
chart with a staffed project office and subsystem management
team through L 2.

23.1.1.2. The CDF Run llb project uses a single-source resource MS
Project file for all project information. This plan has been
developed by the cognizant L2 managers and includes al relevant
project information, including an estimate of the contingency
needs.

2.3.1.1.3. Burdening, (indirect costs and escalation factors) are added
externa to the project file manually. In the future this will be done
using COBRA. COBRA will be the primary cost tracking tool
and will be utilized to determine earned value.

2.3.1.1.4. A risk assessment of the CDF upgrade was performed which
found that the overall schedule, particularly the stave assembly,
provided the highest risk. Hybrid assembly was also found to
carry significant uncertainty for the CDF project.

2.3.1.2. Comments

2.3.1.2.1. Aspointed out earlier in this report, there has been a significant
amount of progress, both technically and organizationaly, in the
CDF project. It was clear to the committee that the CDF
management team has a good understanding of the challenges
they have before them. This has alowed the project team to
assign contingency with a higher degree of confidence than would
otherwise be possible.

2.3.1.2.2. Like DO, the CDF project is a relatively short project with a
sharp increase in funding in FY03 and FY 04, followed by project
completion in mid FY05. As there is no explicit dack in the
schedule, performance against the schedule must be monitored
closely.

2.3.1.2.3. Asthereis little margin for schedule delay, the committee is
concerned about the lack of an organization chart or identified
people and roles below L2.

2.3.1.2.4. The committee is aso concerned with the lack of adequate QA
documentation, procedures and ‘ Travelers' that are necessary for a
project of this scale and scope.
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2.3.1.3. Recommendations

2.3.1.3.1. Develop and staff the CDF silicon Run Ilb organization
through L3 with competent people and defined roles.

2.3.1.3.2. Develop a comprehensive set of QA/QC standards and
establish a travelers and procedures to ensure that the module and
stave production processes will deliver only quality products.

2.3.2. Total Project Cost Estimates

2.3.2.1. Findings

2.3.2.1.1. CDF presented a silicon cost estimate of 10.1 M$ with a
contingency of 4.6 M$ (46%). The cost is split in 7.6 M$ for
M&S (with a 46% contingency of 3.5 M$) and 2.5 M$ in labor
(with a 45% contingency of 1.1 M$). Labor accounts for 25% of
the total project cost.

2.3.2.1.2. No Total US cost was presented. The cost is presented in a
fully resource loaded schedule with a WBS dictionary and rather
limited BOE documentation. Most of the money is spent in FY 03
and FY04.

2.3.2.1.3. The mgor cost item for CDF M&S are the sensors (1.6 M$)
and the hybrids (1.7 M$). Labor-wise, CDF averages
approximately 40 FTEs, of which approximately 25 FTEs are
SiDet personnel.

23.214. In severa cases the M&S cost estimate is based on vendor
guotes and already available technical specifications (most notable
example the HPK sensors, although the project is still open to $-
Yen fluctuations). Labor is estimated based on verba
communication with people involved in previous silicon
construction.

2.3.2.1.5. The EDIA="non-touch labor’/(M& S+"touch labor”) ratio in
CDF is 14% including only project-paid technical labor, and 45%
including physicists if costed at 49%/h.

2.3.2.1.6. The following non-silicon Bases of Estimates (BOE) were
made available for review. The committee did not have time to
review all aspects of the various projects. A "yes' in the
"Reviewed" column indicates that a fairly detailed "drill down"
exercise was performed. For the other projects, committee
members just read the provided material.

WBSH Name Est. Cost Reviewed

12 Calorimeter 0.96M

121 Preshower/Crack 0.71M

122 EM timing 0.25M
1.3 DAQ/trigger 4.3M

13.1 TDC replacement 1.4M Yes

132 Level 2 Decision Crate 0.23M

1.3.3 XFTII project 1.6M Yes
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1.34 Event Builder Upgrade 0.4M
1.35 Computer for Level 3 PC Farm DAQ | 0.4M
1.3.6 SVT upgrade 0.29M

2.3.2.2. Comments

2.3.2.2.1. In general the management team appears relatively strong on
the back-up of M& S cost estimates. Much less documentation and
support is made available to judge the readiness of running a
10M$ factory over 2 years.

2.3.2.2.2. This is the 3 slicon detector built for CDF. Manpower
estimates based on historical charge-back would go along way in
convincing a cost review committee that the manpower estimate is
based on solid ground.

2.3.2.2.3. The labor cost estimating method uses “work day” as the
smallest estimate unit. This estimating method does naturally
include daily inefficiencies and need not be escalated for
manpower inefficiency factors. On the other hand, the overall
labor cost estimate looks on the low side. The EDIA ratio is low
when compared to other projects. Cost for SiDet personnel
training is not covered in the project. The assumption is that
trained personnel are provided and their training is paid for some
other way.

2.3.2.2.4. It appears to the Committee review that no cost increase is
needed to cover for the 132 ns vs 396 ns bunch crossing
difference for the Silicon detector.

2.3.2.2.5. The contingency calculations for the non-silicon projects need
a lot of work. There are large contingencies on many items that
are claimed to be very similar to what was done for Run Ila.

2.3.2.3. Recommendations

2.3.2.3.1. Prepare summary WBS at Levels 3, 4, and 5 to help future
reviews.

2.3.2.3.2. Beef-up the Basis Of Estimate. Much low-level documentation
is missing and the WBS dictionary note field is the only input for
the estimate. Provide precise documentation showing the Basis Of
Estimate as it applies to the CDF project only.

2.3.2.3.3. Provide documentation for labor estimates using a reliability
factor for the source of estimate. Obtain from the PPD Budget
Office or the 15™ floor Personnel Office the actual SiDet cost for
the Run | and Run Ila silicon detector construction and perform a
“sanity check” on the overall labor estimate.

2.3.2.3.4. Understand and justify (if possible) or increase (if necessary)
the EDIA ratio.
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2.3.2.35. Increase the labor effort for the silicon construction in the
SiDet factory.

2.3.2.3.6. Address the procurement lag for mgjor items in an appropriate
manner with the FNAL Procurement office for a speedy
procurement schedule.

2.3.2.3.7. M&S contingency for the sensor appears low. Due to a
complicated Japanese-US collaborative scheme, the project is still
open to cost increases due to currency fluctuations. Estimate
exposure and reeval uate contingency.

2.3.2.3.8. Improve the Basis of Estimate documentation. It was very
hard to follow the Basis of Estimate (BOE) for the non-silicon
projects given the way the WBS dictionary and the Cost Books
were organized. This needs to be fixed so one can go from the
WBS in the schedule to the WBS Dictionary/BOE and then to the
Cost Book and backup documentation with little to no assistance.

2.3.2.3.9. Improve the WBS Dictionary descriptions. Non-silicon WBS
Dictionary descriptions are weak in content and should be revised.
It is not always clear on what the scope of work is.

2.3.2.3.10. Improve the contingency calculations for the non-silicon
projects. There are large contingencies on many items that are
claimed to be very similar to what was done for Run lla.

2.3.2.3.11. Review the contingency on the calorimeter upgrade, which
appears to be too small.

2.3.2.3.12. Provide an explanation in the WBS Dictionary/Cost Book
Notes whenever a contingency is assigned that varies from the
project's standard methodol ogy.

2.3.3. Schedule

2.3.3.1. Findings

2.3.3.1.1. The CDF schedule delivers a Run Ilb detector by 21Apr05.
There is no slack in the baseline schedule and the critical path was
determined to be driven by the SV X4 chip followed by the flow of
completed hybrids to the SiDet assembly factory.

2.3.3.1.2. A set of milestones is in place that tracks progress across the
project and is consistent with the project’s completion in Apr05.

23.3.1.3. The CDF management team presented progress versus
planning for its prototype parts and modules which indicated they
are currently approximately on schedule for having the first
prototype stave completed by 150ct02.

2.3.3.2. Comments

23.3.21. The CDF Run Illb management team has presented an
aggressive schedule to provide for the maximum period for
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physics. To maintain progress against the schedule, the
committee finds the following areas need further attention:

2.3.3.2.2. Fully staffed organization and well-defined roles through L3.

2.3.3.2.3. A wdll established SiDet process with QA/QC procedures and
personnel in place.

2.3.3.2.4. A set of contingency plans to add people or shift work to other
groups to maintain schedule.

2.3.3.2.5. Another key area is a schedule driven procurement plan
providing an assured supply of key components to the SiDet
facility. There has been good progress toward integrating
procurement personnel into the CDF project team.

2.3.3.2.6. The committee was impressed with the CDF team’s progress
against the current schedule leading up to the first stave prototype.
Keep up the good work!

2.3.3.2.7. The CDF Run IIb schedule is dependent upon the LBL group
for a given delivery rate of hybrids. Hybrids are the critical path
for module/stave assembly and a key component for the SiDet
assembly factory. Every effort should be made to mitigate this
risk to the schedule, including setting up an identical and parallel
effort at another institution to provide for faster hybrid delivery
rates.

2.3.3.2.8. The CDF project L2 milestones contain schedule slack with
respect to the end of the related tasks. While prudent to ensure
that the milestones will be met, missing a L2 milestone should
serve as a serious warning that the project isin danger of slipping
the project completion date. Furthermore, milestones set aslate as
possible may not provide an opportunity to develop work-around
strategies, and the CDF management team is encouraged to track
and report to upper management its performance against L3
milestones.

2.3.3.3. Recommendations

2.3.3.3.1. Ensure that the staffing plan supports the full usage of the
contingency funds without slipping schedule.

2.3.3.3.2. Examine aternative paths to compress the schedule by using
additional manpower and/or shifts either at Fermilab or other
critical parts providers.

2.3.3.3.3. The number of milestones contained in the Trigger/DAQ
schedule appears to be weak. Additional milestones need to be
added to better assess progress.

2.3.3.34. The calorimeter schedule does not have a critica path.
Additional task relationships (predecessor/successor) are missing
and need to be added before a critical path will appear.

2.3.3.35. In general the non-silicon schedule files have a lot of
scheduling mechanics work required prior to the DOE review.
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This includes such items as predecessors, successors and
completing fields required for uploading information into Cobra
to establish the baseline budget.

2.4.Management Section Common to Both Detectors

2.4.1. Introduction

The findings, comments, and recommendations in this section are based
on aless thorough review than had been planned when the review
agendawas prepared. Thisis because the direction of the questions
that arose to be addressed in the “technical breakout session,” contained
many aspects of a* cost/schedule” nature. Thus, it was determined by
the Review Committee Chairman that having a separate “ Balance of
Committee” breakout session to discuss management and DOE
documentation was not practical since the two Cost/Schedule Review
SubCommittees would then miss the cost/schedul e aspects of the
“technical” breakout session.

Nonetheless, some findings, comments, and recommendations can be
made.

24.1.1. Findings

2.4.1.1.1. DO has an organization with managers named to Level 3 of the
Work Breakdown Structure (WBS), while CDF has managers
named only to Level 2 of the WBS.

2.4.1.1.2. The Silicon subprojects for each project are by far the largest
cost component. They also define the critical path for each
project. The operations at SiDet will need to run in a smooth
“factory-like” manner in order to meet the planned project
schedules. Thisespecially holds true since athird large effort (
and afourth smaller effort will be underway at SiDet
coincidentally with these projects. A study titled “A Review of
the Manpower Requirements at the Silicon Detector Facility for
the Run I1b and CMS,” notes there will be a need to increase
staffing at SiDet.

24.1.1.3. The SVX4 chipsareacrucial item for both detectors.

2.4.1.1.4. Project and Procurement staff have been working together and
discussing preliminary plans for procurement support to the
project. Preliminary procurement/acquisition plans exist.

24.1.1.5. The Silicon Subproject Teams said working meetings or
reviews are held prior to placing major orders.

24.1.1.6. Thetwo silicon projects together created a comparison
document including a cost and manpower comparison.
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24.1.1.7. AnAcquisition Execution Plan draft that is well along has been
prepared by a group led by the DOE Project Manager and
comprised of DOE Procurement staff and Fermilab project and
procurement staff.

2.4.1.1.8. A draft of the Project Execution Plan has been prepared by the
DOE Project Manager.

2.4.1.1.9. Rough drafts of the Project Management Plans for each project
have been prepared by the CDF and DO Project Managers.

2.4.1.1.10. Fermilab management has established a 396 ns bunch spacing
for collider operations as the technical baseline. Asthistechnical
parameter has only recently been defined, both projects still need
to make minor changes to their cost, schedule and resource
planning to be consistent with the 396 ns option.

2.4.1.1.11. Both projects presented staffing profiles for their baseline
planning (excluding contingency).

2.4.1.1.12. The FNAL signature approval sequence is cumbersome, and
may pose a schedule risk, particularly for large procurements.

2.4.1.1.13. Both CDF and DO management teams are putting in place an
earned value system utilizing M S Project 2000 and COBRA.

2.4.1.1.14. QA/QC planning for both projectsisin itsinfancy.

2.4.1.1.15. Approximately 10% of all MOU’s have been currently signed
for both projects.

2.4.1.2. Comments

2.4.1.2.1. Asnoted in other sections of thisreport, in several areasin the
cost/schedul e arena the DO documentation and “command” of
various aspects of the project seemed much better than that of
CDF. Thisis perhapslargely due to the deeper level of current
staffing on the DO project than on the CDF project. Current staff
on both projects seems quite capable and highly dedicated, so the
above comment is not a criticism of current CDF staff.

24.1.2.2. A great dea of planning will be required to make the SiDet
operations run as efficiently and smoothly as required. Thiswill
include the following: incoming inspections, multiple vendors,
parts flow, QA/QC plans/programs, travelers, discrepancy reports,
staffing plans (including contingencies, and machine usage
(including maintenance and repairs).

2.4.1.2.3. Because of the crucial nature of the SV X4 chips, it is suggested
that an MOU be developed with LBL on thistopic. Furthermore,
since timely completion of the Run I1b Detectorsis critical to
physics at FNAL in the second half of the decade, specific
discussions between the Fermilab and LBL Directors on thistopic
might be appropriate to assure a high priority is given to this effort
by LBL management.
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2.4.1.2.4. Procurement must be a key part of the project and a key part of
the project team.

2.4.1.2.5. A Production Readiness Review procedureisin use for the
LHC detector projects.

2.4.1.2.6. The cost comparison for the silicon projects shows a significant
difference in labor hours for the projects.

24.1.2.7. The Acquisition Execution Plan has been reviewed and
commented upon by DOE headquarters Program Office and
Office of Science, Division of Construction Management Support.
Their comments have been incorporated into subsequent drafts.
Thisis good progress up the program chain of DOE Management.

2.4.1.2.8. The Acquisition Execution Plan has also been reviewed and
commented upon by the DOE Office of Engineering and
Construction Management. There have been two cycles of such
review. The OECM comments seem to be less appropriate for
thiskind of project which is performed by a single purpose
laboratory and is of ahighly specialized and technical nature than
they might be for another kind of “acquisition”.

2.4.1.2.9. Therough draft Project Management Plans do not yet
incorporate the cost and schedul e baselines presented at this
review. Neither do the reflect the sets of schedule milestones and
schedule change control thresholds presented in the review.

2.4.1.2.10. While preliminary plans for acquisition show a depth of
possible sources, the schedule of placing the procurement orders
isoptimistic. Given the number of places the requisition needs to
stop for approval it appearslikely that due to peopl€e’ s absences or
inattention, planned procurement times may be delayed. This
issue can be mitigated by pre-approval of fiscal year work
packages that can contain a number of procurements planned for
that specific year. In this context, those procurements would be
approved and requisitions need not stop at every desk currently
required. This process worked well in other DOE collaborative
projects such as SNS and PEPII. Within Fermilab itself, the Main
Injector Project established a‘blue dot’ requisition system to
streamline the procurement process. A similar type of system
may help to expedite procurements and save schedule on the CDF
and DO upgrade projects.

2.4.1.2.11. Staffing profiles are based on what appear to be informal
promises from Particle Physics Division management. The
number of staff required is pegged at the net amount of the cost
estimate, excluding contingency. Since the contingency is on the
order of 50%, the perturbation to the staffing plan may be
significant.

2.4.1.2.12. Due to multiple collaborating organizations in these projects,
the earned value system may be difficult to implement. Various
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accounting departments have different lag times for reporting
actuals. Asan example PPD at Fermilab reports actuals one
month later than the other Lab Divisionsg/Sections. The projects
need to develop, with agreement by all participating accounting
departments, an accrual method of accounting where predicted
costs are accrued monthly.

2.4.1.2.13. Before baselining, the technical baseline and cost and schedule
estimates must be commensurate. Since the baselinereview is
imminent, the technical baseline should be frozen ASAP with its
cost and schedul e estimates well defined.

2.4.1.2.14. QA/QC documentation for most silicon tracker tasks and
measurements were not available, with QC planning currently
utilizing physicists for most tasks. Due to the sophistication of
hardware and training required, a contribution from an
experienced QA/QC professional can be beneficial. Also, both
management teams should be proactive in anticipating the QA/QC
needs of parts production early in the process and not wait for
parts arrival.

2.4.1.2.15. Procedural documentation was not available at the time of the
review. Since multiple parties may handle delicate items (Chips,
Hybrids, Sensors) availability of procedures at the onset of the
project is necessary to eliminate the possibility of damage due to
mishandling.

2.4.1.2.16. Both project teams continue to finalize and execute more
MOU'’s over the next few weeks, which is an area that needs to
make progress prior to the baseline review.

24.1.3. Recommendations

2.4.1.3.1. CDF should organize and staff the lower levels of the project
as soon as possible. This should help in completing a significant
amount of work involved in preparations for the Lehman Review.
It will also demonstrate the commitment of the collaboration to
the project.

2.4.1.3.2. DO should continue to augment and grow the staff for their
project and incorporate the new personnel into the team. These
projects are under a much higher pressure to finish by a“date
certain” than high energy physics have ever been before. In order
to succeed here the project team must be assembled and made into
awell-oiled machine in atimely manner.

2.4.1.3.3. A Silicon Production and Staffing plan should be prepared by
each project. A Staffing Management Plan addressing how the
Projects and Lab will take actions and when human resources will
be brought onto and taken off of the project as required to meet
the projects’ time constraints. These staffing plans should
consider alternative sources of staff, outside of Fermilab, such as
contract or university labor, to accommodate peak staffing
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periods. These plans should be reviewed and concurred in by the
Head of the Particle Physics Division and the Associate Director
for Research.

2.4.1.3.4. Project and laboratory management should focus a high level
of attention to the SV X4 chips.

2.4.1.3.5. The project organization charts need to show the relationship
with procurement. Also, adescription of what the relationship is
should be contained in the PMP.

2.4.1.3.6. Pre-production and Production Readiness Reviews need to be
established and scheduled for transitions between the phases of
prototype to pre-production and pre-production to production.
These are formal reviews to verify the requirements/specifications
have been meet and a quality product has been produced. The
review will validate that the manufacture of the product is capable
of producing a quality product, in the quantity required, at the
approved cost and can deliver per the schedule.

2.4.1.3.7. Thelabor differencesfor silicon must be understood and
explained before the Lehman Review.

2.4.1.3.8. The Fermilab Project Manager’s should support the DOE
Project Manager in gaining approval of the Acquisition Execution
Plan.

2.4.1.3.9. The Fermilab Project Managers should complete of the Project
Management Plans prior to the Lehman Review.

2.4.1.3.10. Neither project has internalized that additional administrative
support will be required to manage the Run 11b projectsin today's
environment. The limited timeframe to complete both projects
requires a properly staffed and equipped project office to increase
the probability of success. It isfelt that additional people and
administrative equipment will be required and that the
administrative budget presented during the review should be
doubled.

2.4.1.3.11. Prepare alimited number of work packages on ayearly basis
that gives Fermilab management the opportunity to examine and
approve the planned project work scope for the year, including all
procurements.

2.4.1.3.12. Labor effort on both projects needs to be costed in the month
that the hours were worked. Thisis necessary to insure accuracy
in the Earned Vaue Reporting System. This can be accomplished
by establishing an accounting accrual methodology to account for
the lag in actual labor cost reporting or by submitting the labor
effort report for the same month being closed.

2.4.1.3.13. When production/assembly labor is provided by collaborating
physicists, document the staffing through signed MOUSs.

2.4.1.3.14. Bring cost and schedule baselines in agreement with the 396 ns
bunch spacing design.
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Appendices

A. Chargeto the Review Committee

Chargefor the Director’ s Baseline Review Committee for the Run |1b Detector Upgrades
August 12-15, 2002 (Rev1)

The CDF and DO collaborations are preparing to start upgrade projects that will make it possible
for the experiments to continue operating at higher and higher luminosities through 2008. The
systems needing the most attention for higher-luminosity running are the silicon detectors and the
data-acquisition/trigger system. The collaborations have submitted Technical Design Reports
(TDRYs) for these and other required upgrades. The current schedule calls for installation of the
new silicon and other detector componentsin 2005 or early 2006. For the success of the Tevatron
Run Il program, it isimperative that both the DO and CDF upgrades be accomplished on thistime
scale.

This Director’ s Baseline Review Committee (BRC) has the primary goal of helping the upgrade
projectsin their preparation to successfully complete a DOE Baseline Review. Inthisregard, the
BRC should:

Examine the scope of the proposed upgrades. Determine whether 1) the scopeis
appropriate for optimizing the research reach of the collider detectors, within the
guidelines set forth by the Fermilab Directorate, in thistime period and 2) the scopeis
well defined and understood by key participants. Assess the plans for carrying out the
design, prototyping, fabrication, assembly and testing of the proposed upgrades.

Assess the Total Project Cost estimate for the upgrades. Review and assess the detailed
“basis of estimate” for the upgrades (both for the R& D components and the “ on-project”
components). Understand the risks involved in carrying out the projects and assess the
cost contingencies that are being proposed.

Assess the realism of the schedule and consistency of assumed funding profiles. Isthere
adetailed schedule, including a critical path, for completing the project? Are milestones
appropriate in number and type identified so that both the project teams, Fermilab
management, and DOE can effectively track and manage progress? Based on past
experience, can the proposed schedules be met? Are appropriate schedule contingencies
provided? Isthere a*“resource loaded schedule” and plan for providing the needed
resources (M& S and technical support staff and physicists)? Have techniques such as
forward funding by collaborators and phased funding of large contracts been
appropriately incorporated into the planning? Does the anticipated funding profile
support the resource requirements?

Comment on the proposed management arrangements for the upgrades. Assessthe
probable effectiveness of the proposed management arrangements; the internal project
structure, coordination between experiments, coupling to the Particle Physics Division
and the Directorate and coordination with the Beams Division. Review and assess the
formal required DOE documentation: Acquisition Plan, Project Management Plan,
Project Execution Plan (asit sets requirements on the PMP), in addition to Scope, Cost,
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and Schedule Performance Baseline (which should be “conservatively” derived from the
information presented in response to the bullets above) and plans for the use of (and
progress toward meeting) cost and schedul e reporting tools.

Review findings, assessments, and recommendations should be presented in writing at a closeout
with the Collaborations and Fermilab management.
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B. Additional Charge Information

Run IIb Goals and Conditions

The goal of Run I1b operation of the Tevatron and the two collider detectors, CDF and
DO, isto exploit the increasing luminosity of the Tevatron to search for new phenomena,
including, but not limited to, the light Higgs boson if it exists.

We anticipate that modest upgrades to the Tevatron Collider complex, will lead to the
accumulation of an integrated luminosity in the region of 15 inverse femtobarns. The
details of the evolution of the performance of the Tevatron collider influence the running
conditions under which the detectors must be able to operate. Until recently, the
specification given to the detectors for planning the Run 11b upgrades was to be able to
operate efficiently with an instantaneous luminosity at the start of a store of 5x10° cm™
sec™ with a bunch spacing of 132 nsec.

The most recent information on collider operation indicates that operating with a bunch
spacing of 396 nsec offers a surer path to higher luminosities. If the peak luminosity
available from the collider at 396 nsec is 4x10* cm™ sec™, but luminosity leveling is
used to keep the luminosity at 2x10% cm™ sec™* because of detector limitations, the
achievable integrated luminosity is expected to be the same as if there were no leveling
and an initial luminosity of about 3.4x10* cm sec™®. Since luminosity leveling has not
yet been demonstrated, the upgraded detectors should retain the capability of running
with 132 nsec bunch spacing. The 396 nsec option is the baseline plan for the collider,
however, sinceit very probably will lead to the most physics on tape.

Two effects determine the rate conditions for the experiments:
- When the instantaneous luminosity is reduced, everything else being equal, the
trigger and data rates are reduced.
When the bunch spacing is increased from 132 nsec to 396 nsec, at fixed
luminosity, the number of interactions per bunch crossing increases, and
therefore so does the number of fake triggers. The number of interactions per
crossing at 2x10* cm sec™ with 396 nsec is comparable to 5x10* cm? sec™
with 132 nsec.
The Run I1b detectors must be designed to take advantage of the full capability of the
high-Pr physics program, which leads to two requirements for running with 396 ns
gpacing. Thefirst isthat the detectors should operate efficiently, with some margin of
error, at aluminosity of 2x10% cm™ sec* and a bunch separation of 396 nsec. Since the
luminosity would remain at that level for much of a store, it isimportant that this
condition can be met safely, taking into account the uncertainties in estimating
occupancies. A contingency of afactor of two seems prudent, for example, in
extrapolating present occupancies to expected conditionsat 2x10* cm™ sec™ for the
upgraded detectors.
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The second requirement is to ensure that comparable physics reach can be attained even

if luminosity leveling is not achieved. Thiswould necessitate at an initial luminosity
approaching 4x10* cm? sec™® for the first part of the store, although this condition would
ease with the familiar exponential decay. Thus one should design for aluminosity of
4x10* cm? sec™, but in this case without the need of an additional contingency, since
most of the collisions will occur at luminosity well below theinitial one.

Within redlistic errors of extrapolation and simulation, these two approaches reach the
same conclusion. The Run I1b detectors should be designed to be efficient for the most
important high-pr physics processes at luminosities up to approximately 4x10% cm™? sec™*
at 396 nsec bunch spacing.
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E. Review Agenda

Detailed Agenda for

Director’s Review of CDF and DO Run I1b Detector Upgrades

August 12-15, 2002
Fermilab Comitium WH 2 East

Monday, August 12 Meetin 1 West

8:00 AM | 50m | Committeein Executive Session

9:00 30m | Fermilab Program Overview & Run IIb Scope | Directorate
9:30 10m | DO Collaboration Goals and Commitment Spokesperson
9:40 50m | DO Detector Upgrade PM Overview K otcher
10:30 15m | Break

10:45 45m | Silicon: Technical Presentation Demarteau
11:30 45m | Silicon: Cost & Schedule Summary Bean

12:15 60m | LUNCH Cmte & CDF/DO
1:15PM | 10m | CDF Collaboration Goals and Commitment Spokesperson
1:25 50m | CDF Detector Upgrade PM Overview Lukens

2:15 15m | Break

2:30 45m | Silicon: Technica Presentation Bacchetta
3:15 45m | Silicon: Cost & Schedule Summary Flaugher
4:00 120m | Executive Session

6:00 Leave for Dinner

Tuesday, August 13 Meet in 1 West

Morning min

8:00 50 D-Zero Trigger Wood

8:50 20 DAQ Fuess

9:10 20 D-Zero Installation Smith

9:30 20 BREAK

9:50 45 Calorimeter Kuhlmann
10:35 45 CDF Trigger/DAQ Pitts

11:20 20 CDF Ingstallation Roser

11:40 60 WORKING LUNCH (Determine Tech Breakout Topics)
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Afternoon, (Technical SubCommittee and Balance of Committee in Separate Sessions)

Technical SubCommittee — Comitium

Balance of Committee — 1 North

1:00PM | 150m | Selected topicsin Tech 1:00PM | 120m | Review of Detector DOE
Breakout and/or 1-on-1 Documentation AEP,
Discussions PMP, (PEP) & Plansfor
Cost Performance Rptg
2:50 30m | Detailsof Cost/
Schedule Review
3:30 120m | Full Committee Executive Session

Wednesday, August 14

(Technical SubCommittee and Balance of Committee in Separate Sessions)

Technical SubCommittee — Comitium

8:00AM | 60m Continue Selected topics in Tech Breakout and/or 1-on-1
Discussions as needed

9:00 180m | Draft Report

12:00 60m Working LUNCH Dry Run Technical Closeout with Full Committee

1:00 60m Finalize transfer files

2:00 60m Technical Closeout

3:00 150m | Technical S/C members who must leave may do so. All remaining

reviewers continue CDF Cost / Schedule Review

Cost / Schedule Review Breakouts: Silicon & Non-Silicon Subcommittees

8:00 AM

30m

DO Cost / Schedule Overview 1 — North

8:30

15m

Procurement Planning

DO Silicon SubCommittee — 1 North

DO Non-Silicon Committee — Snakepit

2WH-NE)

8:45AM | 120m | DO Silicon Cost 8:45 110m | DO non - Silicon Cost
Estimate Review Estimate Review

10:45 60m DO Silicon Schedule | 10:35 30m | DO non-Silicon Schedule
Review Review

11:45 60m Working LUNCH, Technical SubCommittee Closeout Dry Run

1:00PM | 30m CDF Cost / Schedule Overview 1 — North

CDF Silicon SubCommittee — 1 North CDF Non-Silicon Committee - Snakepit

1:30 30m CDF Silicon Cost 1:30PM | 30m | CDF non-Silicon Cost
Estimate Review Estimate Review

2:00 60m Technical Closeout

3:00 90m Continue CDF 3:00 80m | Continue CDF non-
Silicon Cost Estimate Silicon Cost Estimate
Review Review

4:30 60m CDF Silicon 4:20 30m | CDF non-Silicon
Schedule Review Schedule Review
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| 5:30 | 60m | Executive Session

Thursday, August 15

8:00 60 Executive Session

9:00 60 Final 1-on-1 discussions with project personnel as needed

10:00 120 | Draft Report

12:00 60 Working LUNCH with Closeout Dry Run

1:00 60m | Finalize transfer files

2:00 45 ~2 pm Cost / Schedule / Management Closeout
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