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1. PROJECT IDENTIFIERS 
 
Reporting Period: Through June 30, 2004 
Program Sponsors: DOE Office of High Energy Physics/NSF Physics Division 
DOE/NSF Program Manager: M. Pripstein, (301) 903-4115, moishe.pripstein@science.doe.gov 
DOE/NSF Associate Program Manager: J. Whitmore, (703) 292-7376, jwhitmor@nsf.gov 
DOE Field Office: Chicago Office/Fermi Site Office 
DOE/NSF Federal Project Director: P. Carolan,  (630) 840-2227, pepin.carolan@ch.doe.gov 
 
 
2. PROJECT DESCRIPTION 
 
The Department of Energy (DOE) and the National Science Foundation (NSF) have signed agreements 
committing to collaboration in the construction of the Large Hadron Collider (LHC) at CERN 
(European Laboratory for Particle Physics) and two of its associated detectors.  The U.S. fabrication 
effort will be carried out at, or under the supervision of, U.S. universities and national laboratories under 
the terms and conditions described in the International Collaboration Agreement (Agreement) and its 
Accelerator and Experiments Protocols.  The U.S. LHC Construction Project is defined by the goods 
and services to be provided to CERN under the terms of the Agreement between DOE, NSF, and CERN.  
These goods and services include DOE contributions to the LHC accelerator, and DOE and NSF 
contributions to the ATLAS (A Toroidal LHC Apparatus) and CMS (Compact Muon Solenoid) 
experiments. 
 
The DOE contribution to the LHC accelerator consists of items provided by DOE National Laboratories 
and CERN direct purchases from U.S. industrial firms.  The scope of these contributions is addressed in 
the Accelerator Protocol and described in detail in an Implementing Arrangement between the 
collaborating DOE National Laboratories and CERN.  The DOE and NSF contributions to the ATLAS 
and CMS detectors consist of items supplied by the collaborating U.S. universities and DOE National 
Laboratories.  The scope of these contributions is addressed in the Experiments Protocol and described 
in detail in Memoranda of Understanding for collaboration on construction of each experiment. 
 
The U.S. LHC Construction Project includes the U.S. ATLAS, U.S. CMS, and U.S. LHC Accelerator 
Construction projects.  This report summarizes the overall status of the U.S. LHC Construction Project 
effort and includes more detailed status information on each sub-project.  Additional information can be 
accessed at the following web sites: 

 
U.S. LHC Project - http://www.science.doe.gov/hep/lhc.shtm 

LHC Project - http://lhc-new-homepage.web.cern.ch/lhc-new-homepage/  
U.S. LHC Accelerator - http://www-td.fnal.gov/LHC/USLHC.html 

ATLAS - http://atlasinfo.cern.ch/Atlas/Welcome.html  U.S. ATLAS - http://www.usatlas.bnl.gov/ 
CMS - http://cmsdoc.cern.ch/cms.html  U.S. CMS - http://uscms.fnal.gov/ 
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3. PROJECT DIRECTOR'S NARRATIVE HIGHLIGHTS 
 
The current list of DOE/NSF project reviews and status meetings is provided below: 
 
U.S. LHC Construction Project Event                                            Date  
U.S. ATLAS Detector Project DOE/NSF Review  May 19, 2004 
U.S. CMS Detector Project DOE/NSF Review   May 20, 2004 
U.S. LHC Accelerator Project DOE Review July 26, 2004 
U.S. CMS Detector Project DOE/NSF Review   September 14, 2004 
U.S. ATLAS Detector Project DOE/NSF Review  September 14, 2004 
U.S. LHC Program/Project Joint Oversight Group Meeting September 28, 2004 
  
The results of these activities are documented in formal reports and meeting notes.  The U.S. CMS and 
ATLAS projects submit monthly reports and the U.S. LHC Accelerator project submits a quarterly 
report.  Current performance data is summarized in the following tables: 
 

Table 3.1, Schedule Performance Indices  
 Planned Complete 

(BCWS/BAC) 
Actual Complete 
(BCWP/BAC) 

Schedule Performance 
(BCWP/BCWS) 

U.S. ATLAS 84% 84% 100% 
U.S. CMS 91% 86% 95% 
U.S. LHC Accelerator 97% 95% 98% 
 

Table 3.2, Contingency Status (in thousands of dollars)  
 
 
 
 

 
Total Project 

Cost 
(TPC) 

 
Budget at 

Completion 
(BAC) 

 
 
 

Contingency 

Budgeted Cost
 of Work 

Performed 
(BCWP) 

Remaining 
Work to be 
Performed 

(BAC-BCWP) 

 
 

Contingency/ 
(BAC-BCWP)

US ATLAS 163,750 152,868 10,882 128,473 24,395 45% 
US CMS 167,250 156,029 11,221 134,660 21,369 53% 
US Accelerator 110,000 107,799 2,201 102,200 5,599 39% 
 

Table 3.3, Cost & Schedule Performance (in thousands of dollars) Indices                                       
 Cumulative Costs to Date  
 Budgeted Cost    Costs at Completion 
 Work Work Actual Variance  Revised  
 Scheduled Performed  Cost Schedule Cost Budgeted Estimate Variance 
U.S. ATLAS 128,843 128,473 128,229 -370 244 163,750 163,750 0
U.S. CMS 142,103 134,660 124,992 -7,443 9,668 167,250 167,250 0
U.S. LHC Accelerator 104,414 102,200 103,878 -2,214 -1,678 110,000 110,000 0
CERN Invoices 71,473 71,473 71,473 0 0 90,000 90,000 0

U.S. LHC Total 446,833 436,806 428,572 -10,027 8,234 531,000 531,000 0
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4. PROJECT DIRECTOR’S ASSESSMENT 
 
The U.S. projects are moving into the "Endgame" in solid shape technically, continuing to meet their 
goals. The U.S. remains a reliable and influential partner in completing the construction of the ATLAS 
and CMS detectors and the LHC machine.  
 
Cost –  Cost performance is good, overall. An area of cost concern lies with the amount of contingency 
remaining in the latest estimate to complete for the U.S. LHC Accelerator Project. This contingency has 
remained relatively low considering assessment against potential risks remaining in the project. To 
address this situation, the project has identified specific areas of potential cost mitigation in agreement 
with CERN. Adopting some combination of these can maintain contingency at an adequate level. This 
plan is under development and will be evaluated next quarter, along with status of remaining accelerator 
production and testing efforts.              
 
Cost performance for both detectors is satisfactory. Endgame plans for the two-phased completion of 
each detector developed in coordination with international CMS and ATLAS partners were reviewed, 
and found to be reasonable.  For U.S. CMS, there is good confidence in the amount of contingency 
available for the remainder of the project. For U.S. ATLAS, contingency needs are being further 
evaluated to balance potential risk on remaining deliverables, possible contributions to ATLAS 
Common Funds and cost risk for installation. Flexibility concerning U.S. installation obligations will be 
exploited to reduce uncertainties and lessen pressure on contingency. Both U.S. detector projects will 
revisit installation costs as needed to ensure U.S. plans remain closely matched to international plans 
and any revisions due to possible schedule delays.  
 
Schedule – Schedule performance is satisfactory. The total U.S. LHC Construction Project is eighty-
nine percent complete based on earned value against the baseline. The CERN schedule calls for first 
beams in April ‘07. A period of beam commissioning will be followed by start of the LHC Physics 
Program in the latter half of ‘07. The U.S. LHC Project completion baseline milestones remain as 
follows: 
 
Critical Decision-4A:   97% complete, September 30, 2005 (Accelerator and Detector deliverables) 
Critical Decision-4B:  100% complete, September 30, 2008 (final detector installation and technology procurements,   
                            dependent and closely coordinated with international detector and machine completion/start-up schedules) 
 
The U.S. generally remains ahead of schedule for delivery of LHC accelerator components to CERN by 
the needed installation dates, but it is important to note that the LHC installation schedule is pending 
some revision due to delays installing the cryogenic transfer line. This will likely result in a re-
optimization of the machine installation sequence/schedule, which the U.S. project will track. U.S. CMS 
has revised its schedule to incorporate the latest CMS schedule, which reflects ~couple month delays in 
the start of installation (completion of underground cavern), which may affect actual start/finish dates of 
some CD-4B work, but not the U.S. completion schedule. U.S. CMS fully anticipates delivering its 
commitments to CMS on or before the relevant CMS milestone dates. U.S. CMS is formally revising the 
U.S. Silicon Tracker completion schedule with production capabilities now optimized to help recover 
from the 6-8 month delay incurred due to parts flow issues. Overall, the U.S. is doing well in providing 
deliverables to support ATLAS need dates, but many of these dates are obsolete, pending the ATLAS 
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schedule revision which will not be firmed until the 1st Barrel Toroid coil meets its “Ready For 
Installation” milestone in September ‘04.  U.S. ATLAS will further evaluate U.S. schedules against the 
revised ATLAS need dates, particularly for those electronics subsystems currently with minimal float. 
Both detector collaborations continue to support and work toward meeting the April ‘07 LHC turn-on. 
   
Technical - Good technical progress continues across the project, and we remain confident that the U.S. 
deliverables to CERN can be realized with the planned funding.  The U.S. LHC Construction Project 
deliverables are accepted by CERN and approved by the DOE/NSF Joint Oversight Group. We expect 
to provide additional items to CERN, within the approved funding, should cost performance be 
favorable. Important achievements or milestones continue to be met. U.S. LHC Accelerator qaudrupole 
delivery is now underway and feedbox fabrication is progressing well. U.S. CMS is conducting 
successful test beam studies of electronics, calorimetry and muon systems. The U.S. ATLAS provided 
Liquid Argon Calorimeter Barrel Cryostat has successfully passed all tests. Additional technical Project 
highlights are given in the report.  
 
ISSUES 
 
LHC Construction Completion— CERN management remains committed to keeping the LHC project 
on schedule, closing the LHC ring by the end of ‘06, closing the detectors by April ‘07 and achieving 
collisions by Summer ‘07. There have been difficulties with the completion and installation of cryogenic 
distribution line components in the LHC tunnel. CERN is working with the vendor to resolve 
component quality issues, ensure smooth production, identify any further weak points, and restart 
installation at the required rate and with close CERN supervision.  CERN should know better in late 
October ’04 how this task is progressing and has indicated the intention to provide resources needed to 
maintain the LHC project schedule.  Steady progress in superconducting cable production, dipole 
production and testing, quadrupole production and other LHC systems can be seen at: 
http://lhc-new-homepage.web.cern.ch/lhc-new-homepage/DashBoard/index.asp 
 
ATLAS and CMS Resources– Both collaborations presented updated financial plans for detector 
Resource Review Board (RRB) review in April ‘04.  The updated plans addressed funding shortfalls 
previously identified, and the collaborations have had some success identifying funds and actions to 
significantly reduce those shortfalls. An unexpected cost increase in CMS electromagnetic calorimeter 
(ECAL) crystal procurement and a stop in crystal production by the vendor has resulted in a revised plan 
to delay ECAL endcap completion and installation until after LHC start-up (but before first physics run). 
The collaborations are working with the funding agencies and RRBs to solve or minimize cash-flow 
concerns that could potentially impact overall detector installation schedules (e.g. ATLAS cash-flow 
situation has improved in ‘04, but challenges are anticipated for ‘05-06)  Updated CMS costs for the 
ECAL will be presented at the next RRB. The collaborations continue the process of firming up 
commitments internationally from those funding agencies that can provide additional resources (U.S. 
LHC construction funds are capped), a process likely to continue over the final years to completion. If 
successful, this process could allow the collaborations to gradually improve the expected performance 
and capability of the initial detectors to more fully exploit physics opportunities. 
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5. NARRATIVE SUMMARY 
 
5.1 U.S. ATLAS CONSTRUCTION PROJECT 
 
ATLAS International-  On June 28-July 1, ’04 the LHC Committee (LHCC) conducted the fifth 
Comprehensive Review of ATLAS. In general the LHCC expressed satisfaction with the progress 
achieved by ATLAS and the overall assessment was positive. A number of areas of concern were 
identified, requiring particular attention and follow-up. These include completing electronics production 
for muon and pixels; liquid argon front end board production and voltage regulator delivery; and muon 
endcap installation concerns resulting from Barrel Toroid (BT)  induced installation delays. Based on a 
better understanding of the BT availability, ATLAS will propose a new schedule after Summer, once the 
first BT coil is ok. Other highlights follow: 
 
• Successful liquid argon calorimeter cooldown is a major milestone; it was cooled to below 90K 

while the superconducting solenoid within wascooled to 4.5 K, and powered to generate a field of 2 
Tesla; after tests are completed, the calorimeter should be warmed up for transport to Point 1 in 
October for underground installation. 

• With ATLAS underground cavern detector infrastructure completed, a successful trial operation was 
undertaken to lower the first element of the toroid magnet, 25 m long and weighing 100 tonnes.  

• A Combined Test Beam of an entire slice of the ATLAS detector is taking place for calorimeter 
calibration and studies of trigger and detector performance, with only Pixel and Tracker elements 
missing; further elements will be integrated in August and the test, involving ~two-hundred 
physicists, engineers and technicians will continue until the end of the SPS period in November ’04.  

 
U.S. ATLAS- As of June 30, ’04 the project is 87% complete with current baseline work out of 87% 
planned, reflecting the most recent update of cost and schedule estimates (Estimate-To-Complete ‘04) 
for the remaining work. A DOE/NSF review was conducted May 19, ‘04, concluding that the project 
was in solid shape technically. Contingency planning, prioritization and allocation strategies needs to 
remain focused on ensuring that adequate contingency levels can be maintained through project 
completion. The endgame plan to complete the project in coordination with international ATLAS has 
been developed and appears reasonable. U.S. subsystem schedules are being examined to ensure they 
reflect the latest ATLAS schedule information. Below are highlights: 
 
• Silicon: Component production for the pixels modules continues. LBNL is ready to assemble and 

test and is trying to quicken the delivery of the base modules. The vendor for the sensor wafers and 
wafer quality continues to be watched closely. Work on the strips is nearing completion. The Read-
Out-Driver user evaluation continues to proceed.  

• Transition Radiation Tracker: All production modules are at CERN and installation work continues 
at a rapid pace. Over half the Type 1 modules are in the Barrel Support Structure (BSS) frame 
undergoing leak tests. ~160 Type B ASDBLR electronics boards have been delivered to CERN. 

• Liquid Argon Calorimeter: The barrel cryostat passed all tests with very good vacuum quality and 
impurity levels. The superconducting solenoid was cooled down and energized. The production of 
the LV power supplies for the readout electronics is progressing on schedule. The production of the 
Front End Boards (FEB) remains on a tight schedule. The preparations of the final assembly of the 
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FCalA into its support tube have started. The FCalC will be inserted into the Endcap-C cryostat next 
quarter and the cryostat will be welded. All  electronics boards for the A end  are completed and 
their installation awaits calorimeter assembly completion. 

• Tile Calorimter: Work continued on analyzing the chain for stabilizing the Extended Barrel for 
saddle installation. The initial scheme made use of some existing equipment but required several 
chains and load cells. A design using either a bar or a simple chain is being evaluated. 

• Muon Chambers: Monitored Drift Tube (MDT) chamber integration and certification continued at 
CERN. Efforts on MDT chamber electronics concentrated on production of 30 more Chamber 
Service Modules-2, needed for chamber commissioning, certification and beam testing . Cathode 
Strip Chamber (CSC) data were obtained with full electronics and both X and Y-readout indicated 
resolutions and noise levels close to expectations. A successful Production Readiness Review was 
held for the CSC electronics in June and preparations for production are ongoing. The U.S. ATLAS 
alignment team is working closely with CERN engineering to resolve remaining conflicts in the 
mounting of the alignment bars. 

• TriggerDAQ: The Region of Interest (RoI) Builder fabrication continues to proceed. The Level 1 to 
Level 2 Interface documentation has been improved. Meetings have started regarding the baselining 
of the Trigger/DAQ subsystem, for possible approval next quarter. 

 

Above- This is a graph of the cool-down of the ATLAS Barrel Liquid Argon Cryostat and start of 
filling with liquid argon.  This represents a major milestone for ATLAS and U.S. ATLAS.   
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Left- Complete 
Cathode Strip 
Chamber with final 
electronics measuring 
cosmic rays.  This is 
significant since this 
quarter is the first time 
all of this has been put 
together and it 
exceeded specifications.

Below- Barrel Transition Radiation Tracker (TRT) modules installed in the Barrel 
Support Structure (BSS) with final electronics.   
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5.2  U.S. CMS CONSTRUCTION PROJECT-  

CMS International- CMS provided a status report to the LHC Committee at the end of June, ‘04. The 
ready-to-close date remains April ‘07 and the version 34 (v.34.0) of the CMS schedule is finished. The 
Electromagnetic Calorimeter (ECAL) Endcap to be installed in the 07-08 shutdown before the first long 
Physics run. ECAL crystal delivery remains the biggest risk to this detector completion schedule. The 
magnet module construction is nearing the end and no further delays are anticipated. High priority needs 
to remain on ensuring the Tracker difficulties have been overcome and that the ECAL crystal difficulties 
are solved.  Other highlights follow: 
 
• Muon Resistive Plate Chamber (RPC) production is proceeding well; installation of the RPC (as 

well as drift tube) chambers are on the critical path in the next year. 
• Trigger production is underway, with important  system integration tests planned for Autumn ’04 in 

an Electronics Integration Centre. 
• The Underground Service cavern has been delivered and will be ready for crate installation in July 

’05 and the Underground Experiment cavern is scheduled to be delivered in October ‘04;   
• The last magnet coil module should be completed in October ’04 and the magnet test on the surface 

is schedule for Autumn ’05. 
 
U.S. CMS- As of  June 30, ’04 the overall U.S. CMS construction project was 86% complete vs. the 
scheduled 91% complete. A DOE/NSF review was conducted May 20, ‘04, concluding that the project 
was performing well with respect to technical, cost and schedule. The endgame plan to complete the 
project in coordination with international CMS has been developed and appears reasonable. The Silicon 
Tracker has made much progress and has a clear path to completion. U.S. CMS had adopted the new 
CMS “ v34.0” schedule for those milestones not yet accomplished, and milestone dates are updated to 
v34.0 status of June 15, ‘04. Highlights: 
 
• Endcap Muon (EMU): Production of Cathode Strip Chambers (CSCs) at Fermilab is complete, and 

the Final Assembly and System Testing (FAST) sites have ended operations. CSC installation onto 
the CMS Endcap Yoke (YE) is proceeding well within the scheduled time. Off chamber electronics 
production can begin following a successful 25 nsec beam test. 

• Hadron Calorimeter (HCAL): Front-end ASIC production is complete, and testing is underway. 
Testing of the HCAL trigger electronics has begun. Installation of the front-end electronics will 
begin in the summer of ‘04. 

• Trigger and Data Acquisition System (TriDAS): Trigger production is underway, and prototype 
modules will be used in the SX5 “slice test” and serve as a portable trigger. Work on the Data 
Acquisition (DAQ) Technical Design Report (TDR) is complete. The U.S. groups have changed 
responsibility for purchases so as to advance the U.S. DAQ schedule. 

• Electromagnetic Calorimeter (ECAL): The U.S. contribution to ECAL has been altered to conform 
to the new 1/4-micron ECAL electronics, with U.S. groups now involved in the optical data links 
and low voltage supplies for ECAL, and APDs and lasers for calibration. 

• Forward Pixels (FPix): The first 1/4-micron version of the readout chip (ROC) has been received 
and tested, and is largely successful. Since the U.S. CMS effort depends on ROC parts flow, this 
success bolsters the FPix schedule. 
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• Silicon Strip Tracker (SiTrk): Procurements of automation equipment at Fermilab and UC Santa 
Barbara are complete, and prototype modules, which exceed all specification, have been produced. 
All module components have entered production and production lines have doubled capacity; 
sensors will now be provided by Hammamatsu and a revised schedule has been made for SiTrk 
completion.  

 
 
 
 
 

Hadron Calorimeter  absorber and optics 
assemblies (Barrel, Forward and Endcap) are  
all complete and tested at CERN.  

Below- Forward Hadron Calorimeter  wedges. 

Above- (Left) - Hadron Barrel Calorimter (one half-barrel shown). Above (Right)- Set-up at the 
H2 Test Beam at CERN, where efforts underway include testing of final electronics, controls and 
calibration systems; calibration of calorimeter modules; measurements of longitudinal shower 
profiles in the Hadron Calorimeter and a combined Hadron Calorimeter and Endcap Muon run.
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5.3 U.S LHC ACCELERATOR CONSTRUCTION PROJECT 
 
LHC Accelerator-  CERN and LHC Project Management remain committed to LHC completion for 
initial turn-on in April ‘07, and are working closely with the cryogenic distribution line vendor to 
resolve difficulties with component production, quality and installation. Production of superconducting 
cable,  dipoles, quadrupoles and correctors and magnet testing, each of which has overcome or presents 
remaining challenges, all  appear to be progressing well or are under control. Other highlights follow: 
 
• The SM-18 Test Facility is now working at full capacity with the last of twelve magnet test benches 

fully commissioned; this facility will evaluate all 1732 superconducting dipoles and quadrupoles. 
• Production of critical LHC tubes (heat exchanger and cold bore tubes) is nearing completion; 1200 

of 1700 heat exchanger tubes for superfluid He cooling of LHC magnets are completed and 2800 of 
3500 stainless steel cold bore tubes for circulating the LHC’s twin beams are completed.  

• CERN announced that a new Control Centre for operating all its beams and accelerators will be 
built, using as much existing infrastructure as possible; accelerator operations personnel will be 
brought together to streamline and coordinate operations to assure high beam quality in the LHC era. 

• Series production of the final superconducting current leads for LHC magnets is now underway; 
three types of leads incorporating High-Temperature-Superconductor (13kAmp, 6kAmp and 600 
Amp) are being produced to supply the 1.7 million amps of current the LHC magnets will require. 

 
U.S. LHC Accelerator- As of June 30, ‘04, the overall project was 95% complete based on earned 
value, vs. the scheduled plan of 97% complete.  Overall technical progress remains good— quadrupoles 
are well into production; dipole production is complete; and feedbox production is progressing well. The 
schedule remains tight in places and vigilance is required (schedule for completing deliverables remains 
in advance of CERN needs).  A revised Estimate At Completion is being finalized with the goal of 
preserving contingency for remaining risks and setting an effective Budget At Completion for all Labs. 
Project highlights below: 

• [Fermilab] The first Q2 quadrupole was shipped to CERN.  It arrived in a timely fashion and in 
excellent condition.  The fifth Q2 was moved to the test stand.  The sixth Q2 was completed and will 
be moved to the test stand next quarter.  The first Q1, containing a KEK cold mass, was tested 
successfully and removed from the test stand.  Shipment is planned for next quarter.                                            

• [BNL] The second three of nine D2 dipoles arrived at CERN.  The final three have been tested 
successfully but are currently undergoing some rework on the positions of some of the beam tube 
ends and QQS cryogenic pipe ends and vacuum flanges.  All three D3 dipoles have been assembled 
and are in the queue for testing.  The second of three D4 magnets has been tested.  Superconducting 
cable testing continues at a high rate to accommodate the increased rate of sample deliveries from 
CERN: 228 samples were tested this quarter, the same as last quarter.             

• [LBNL]  The cryogenic feedbox schedule has slipped to a cumulative 2½ months and is now holding 
steady.  Shipment of the first two units is forecasted to be just in time for a trial fit-up of the inner 
triplet on the surface but still well in advance of installation.  Problems with leaking lead chimney 
bellows and vapor cooled leads have been solved.  The vendor has installed replacement chimney 
bellows, completed the installation of HTS leads and is in the process of reinstalled repaired vapor 
cooled leads on the first two boxes.  
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Above-  First Fermilab produced Q2 quadrupole arriving at CERN. 
Q2 magnets are shipped in wooden crates. Magnet and shipping 
frame are shown on the base of the wooden crate after the top, sides 
and plastic wrap have been removed. 

Below – Top of Distributed 
Cryogenic Feedbox ( DFBX) G 
shown at Meyer Tool, ready for 
installation of vapor cooled leads.   

Left– First two feedboxes, 
DFBXG (foreground) and 
DFBXD, on assembly stations.  
Cryogenic piping and HTS 
leads have been installed on 
both feedboxes.  A total of eight 
DFBX units are being produced 
as U.S. deliverables, under 
LBNL management. 
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CERN Direct Purchases - DOE reimburses CERN for their payments to qualified U.S. vendors [Reference U.S.-
CERN Agreement and Accelerator Protocol]. DOE will reimburse CERN only up to the amount of $90 M USD, 
with the excess to be paid from CERN funds, per agreement with the DOE Office of High Energy Physics. 

Table 5.1, Status of DOE Contracts (in $000) 
Contract Item(s) Company (U.S. Supplier) Contracts (signed and in 

progress) 
Nb-Ti Alloy Bars; Ni Sheets Wah Chang     57,332 
Polyamide Insulation Film Kaneka High Tech Materials 4,327 
Superconducting Cable Outokumpu-Advanced Superconductor 20,112 
LHC BPMS Button Feedthroughs Ceramaseal 898 
Cryogenic Temperature Sensor Lakeshore 695 
High superconducting tape American Superconductor 795 
Semi-rigid coaxial cable Meggitt Safety Systems 2,800 
Self-cooled cryogenic current leads American Magnetics 400 
16-bit rad-resistant ADCs Burr Brown 230 
FPGA Actel 1,300 
ADC/DACs Analog Devices 800 

Options 1,485 
Totals 91,174 

TOTAL Cumulative Payments from DOE to CERN in $000 (as of April 30, 2004):       $ 71,473*  
 
6. FINANCIAL/COST STATUS AND PLANS (as of June 30, 2004) 
 
TOTAL PROJECT FUNDING PLAN (then year millions of dollars)† 
Fiscal Year FY96 FY97 FY98 FY99 FY00 FY01 FY02 FY03 FY04 FY05 FY06 FY07 Total

Machine Funding Profiles (DOE) 
US LHC Accelerator 2.00 6.67 14.00 15.40 24.92 19.16 10.10 8.70 6.13 2.92 0.00 0.00 110
CERN Direct 0.00 0.00 0.00 8.09 8.29 8.08 11.20 13.40 23.20 17.74 0.00 0.00 90

Machine Total 2.00 6.67 14.00 23.49 33.21 27.24 21.30 22.10 29.33 20.66 0.00 0.00 200
      
Detector Funding Profiles (DOE and NSF) 
US ATLAS 1.70 3.71 10.05 25.63 28.43 26.77 23.16 24.71 8.99 5.49 3.24 1.88 163.75
   DOE 1.70 3.71 10.05 9.00 16.49 14.48 10.51 17.42 8.99 5.49 3.24 1.88 102.96
   NSF 0.00 0.00 0.00 16.63 11.94 12.29 12.65 7.29 0.00 0.00 0.00 0.00 60.80
US CMS 2.30 4.61 10.95 38.03 24.26 21.25 21.40 22.91 10.48 5.56 4.20 1.30 167.25
   DOE 2.30 4.61 10.95 32.51 20.30 17.15 17.19 20.48 10.48 5.56 4.20 1.30 147.03
   NSF 0.00 0.00 0.00 5.52 3.96 4.10 4.21 2.43 0.00 0.00 0.00 0.00 20.22

Detectors Total 4.00 8.32 21.00 63.66 52.69 48.02 44.56 47.62 19.47 11.05 7.44 3.18
 
TOTAL DOE & NSF FUNDS, COSTS, & COMMITMENTS (cumulative $000)‡  
U.S. LHC Construction 
Project A = Funds Allocated B = Estimate Actual Costs C = Open Comittments D= B+C Total A–D=Funds Available 

U.S. ATLAS 153,141 128,229 4,034 132,263 20,878
U.S. CMS 156,186 124,992 16,024 141,016 15,170
U.S. LHC Accelerator 107,079 103,878 0 103,878 3,201
CERN Direct Purchases 71,473 71,473 7,210 78,683 -7,210
                                                           
* DOE payments to CERN through April, ‘04 have saturated the FY04 CERN Direct account; further invoices have been received from 
CERN in July ’04 totaling $7,210,321 that will be paid using FY05 funds. This brings the cumulative total of CERN requests for DOE 
payment through July ’04 to $78,683,556. 
† The funding profile for the U.S. LHC Construction Project is extended through FY07, with no change in total funding, to address the 
impact of the CERN LHC schedule on U.S. project completion. This change was approved by the DOE Director, Office of Science 
through a U.S. LHC Project baseline change proposal. 
‡ Based on financial reports from the U.S. LHC construction projects.  NSF funding for the detectors is carried-over into the subsequent 
fiscal years per approved NSF “no-cost extension” arrangements. 
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Total 487,879 428,572 27,268 455,840 32,039
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7. DOE/NSF COST BASELINES AT LEVEL 2 (in $000) 
 

U.S. ATLAS Cost Baseline 
WBS Description Previous Change Current

1.1 Silicon System 21,681  873 22,554
1.2 Transition Radiation Tracker 11,549  188 11,737
1.3 Liquid Argon Calorimeter 46,169  890 47,059
1.4 Tile Calorimeter 11,007  214 11,221
1.5 Muon Spectrometer 27,032 1,540 28,572
1.6 Trigger/Data Acquisition System 3,271   0 3,271
1.7 Common Projects 9,179     2,800 11,979
1.8 Education 286          0 286
1.9 Project Management 8,279         0 8,279

1.10 Technical Coordination 3,000         8 3,008
 Contingency 14,595    -3,713 10,882
 Items Outside the Baseline 7,702    -2,800 4,902
 U.S. ATLAS Total Project Cost Baseline 163,750   0 163,750

 
 

U.S. CMS Cost Baseline 
WBS Description Previous Change Current

1.1 Endcap Muon 40,748   93 40,841
1.2 Hadron Calorimeter 43,192  397 43,589
1.3 Trigger and Data Acquisition 14,781    0 14,781
1.4 Electromagnetic Calorimeter 12,795  348 13,143
1.5 Forward Pixels 8,137  173 8,310
1.6 Common Projects 23,349    0 23,349
1.7 Project Office 7,012    0 7,012
1.8 Silicon 4,764  240 5,004

 Contingency 12,472 -1,251 11,221
 U.S. CMS Total Project Cost Baseline    167,249    0      167,250 

 
 

U.S. LHC Accelerator Cost Baseline 
WBS Description Previous Change Current

1.1 Interaction Region Components 63,159   32 63,191
1.2 Radio Frequency Straight Section 15,865   0 15,865
1.3 Superconducting Wire and Cable 11,912   0 11,912
1.4 Accelerator Physics 3,359    0 3,359
1.5 Project Management 13,472    0 13,472

 Contingency 2,233   -32 2,201
 U.S. LHC Accelerator Total Project Cost Baseline 110,000    0 110,000
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26 TRT L2/5 Start Production of ASICS Mon 2/17/03 Tue 4/1/03 Tue 4/1/03
27 Tile L2/5 All Elec.'s Components Delivered to ATLAS Sat 3/1/03 Sat 3/1/03 Sat 3/1/03
28 TDAQ L2/2 LVL2 Trigger Design Complete Mon 3/31/03 Mon 3/31/03 Mon 3/31/03
29 TDAQ L2/3 LVL2 Trigger Prototype Complete Wed 4/30/03 Wed 4/30/03 Wed 4/30/03
30 Sil L2/3 ROD Design Complete Fri 5/30/03 Thu 5/15/03 Wed 4/30/03
31 Muon L2/5 CSC IC Production Complete Thu 7/31/03 Wed 3/17/04 Wed 3/17/04
32 LAr L2/7 ROD Final Design Complete Fri 8/15/03 Wed 10/15/03 Wed 10/15/03
33 Sil L2/7 Pixels 'Start IBM Production' Thu 9/25/03 Mon 12/22/03 Mon 12/22/03
34 Sil L2/8 Pixels 'Start IBM Outer Bare Module Prod' Fri 9/5/03 Fri 9/5/03 Fri 9/5/03
35 Muon L2/10 MDT Elec.'s Mezz Production Complete Fri 10/31/03 Wed 6/30/04 NA
36 LAr L2/11 FCAL-C Delivered to EC Mon 12/1/03 Wed 9/1/04 NA
37 Muon L2/4 Final Design of Global Align Devices Mon 12/1/03 Mon 12/1/03 Mon 12/1/03
38 Sil L2/5 ROD Production/Testing Complete Mon 3/1/04 Sun 8/1/04 NA
39 TRT L2/2 Module Production Complete (CUM 102) Thu 4/1/04 Thu 4/1/04 Wed 3/31/04
40 TDAQ L2/4 Start Production Tue 6/1/04 Tue 6/1/04 NA
41 Muon L2/7 MDT Chambers (U.S.) Prod Compl (Qty. 24 Thu 7/1/04 Thu 7/1/04 Tue 3/30/04
42 LAr L2/12 FCAL-A Delivered to EC Thu 7/15/04 Wed 2/9/05 NA
43 TDAQ L2/5 Start Installation & Commissioning Mon 9/6/04 Mon 9/6/04 NA
44 Sil L2/4 Compl Shipment of Silicon Strip Modules P Tue 9/14/04 Tue 9/14/04 NA
45 Muon L2/8 Kinematic Mounts/Struts Production Compl Mon 9/27/04 Mon 9/27/04 NA
46 Muon L2/9 CSC ROD Production Complete Thu 9/30/04 Thu 9/30/04 NA
47 TRT L2/6 Installation Complete Tue 1/4/05 Tue 1/4/05 NA
48 TRT L2/3 Barrel Construction Complete Mon 1/17/05 Mon 1/17/05 NA
49 Sil L2/9 Pixels 'Disk System at CERN' Fri 1/21/05 Fri 1/21/05 NA
50 Muon L2/12 Global Align System Final Delivery Tue 3/1/05 Tue 3/1/05 NA
51 TDAQ L2/6 Production Complete Mon 7/31/06 Mon 7/31/06 NA
52 TDAQ L2/7 Installation & Commissioning Complete Fri 9/29/06 Fri 9/29/06 NA

ID Subsystem ID Milestone ETC03 Baseline Forecast Actual 
1 Project Start (10/1/95) Sun 10/1/95 Sun 10/1/95 Sun 10/1/95
2 Tile L2/1 Start Submodule Procurement Mon 9/1/97 Mon 9/1/97 Mon 9/1/97
3 Tile L2/2 Technology Choice for F/E Electronics Sat 11/15/97 Sat 11/15/97 Sat 11/15/97
4 LAr L2/1 Cryostat Contract Award Fri 7/24/98 Wed 8/5/98 Wed 8/5/98
5 LAr L2/2 Barrel FTs Final Design Review Wed 9/30/98 Fri 10/2/98 Fri 10/2/98
6 TRT L2/1 Final Design Complete Thu 12/31/98 Mon 12/7/98 Mon 12/7/98
7 LAr L2/4 FCAL Mech Design Complete Mon 12/14/98 Wed 12/15/99 Wed 12/15/99
8 Tile L2/3 Start Module Construction Sat 5/1/99 Mon 9/20/99 Mon 9/20/99
9 TDAQ L2/1 Select Final LVL2 Architecture Fri 12/31/99 Fri 3/31/00 Fri 3/31/00
10 LAr L2/3 Start Elec.'s Production (Preamps) Fri 6/30/00 Fri 6/30/00 Fri 6/30/00
11 Muon L2/1 Start MDT Chambers Lines 1 & 3 Mon 7/17/00 Fri 9/15/00 Fri 9/15/00
12 Muon L2/6 Kinematic Mount Design Complete Tue 1/30/01 Tue 1/30/01 Tue 1/30/01
13 Tile L2/4 Start Production of MBs Sun 4/1/01 Fri 3/30/01 Fri 3/30/01
14 LAr L2/9 Cryostat Arrives at CERN Tue 5/15/01 Mon 7/2/01 Mon 7/2/01
15 TRT L2/4 Select Final Elec Design Fri 6/15/01 Wed 8/30/00 Wed 8/30/00
16 Sil L2/1 Start Full Silicon Strip Elec Production Fri 7/6/01 Sun 7/15/01 Sun 7/15/01
17 Sil L2/6 Pixels '1st IBM Prototype Submitted' Thu 7/26/01 Mon 11/12/01 Mon 11/12/01
18 Muon L2/2 Start CSC Chamber Production Sat 9/1/01 Mon 10/1/01 Mon 10/1/01
19 LAr L2/6 Level 1 Trigger Final Design Complete Sat 3/30/02 Thu 5/30/02 Fri 5/31/02
20 Muon L2/3 MDT Electronics ASD PRR Mon 4/1/02 Sun 9/1/02 Fri 8/30/02
21 Sil L2/2 Start Full Strip Module Production Fri 4/12/02 Mon 8/5/02 Mon 8/5/02
22 LAr L2/10 Barrel FTs Production Complete Sat 6/1/02 Mon 3/25/02 Mon 3/25/02
23 LAr L2/8 MB System Production Complete Mon 9/30/02 Mon 9/30/02 Mon 9/30/02
24 Tile L2/6 Module Construction Complete Mon 9/30/02 Wed 10/30/02 Wed 10/30/02
25 Tile L2/7 All Modules Delivered to CERN Fri 1/31/03 Fri 4/18/03 Fri 4/18/03

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1
2001 2002 2003 2004 2005 2006

8. SCHEDULE STATUS AND PLANS 
 
8.1       U.S. ATLAS Construction Project Milestones 
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8.2     U.S. CMS Construction Project Milestones Below are shown agency Project manager milestones as 
compared to the baseline V34 CMS International milestones. 
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8.3      U.S. LHC Accelerator Construction Project Milestones 
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9. TECHNICAL BASELINE STATUS 
 
U.S. ATLAS Construction Project - No change.  The U.S. ATLAS collaboration defined a list of initial 
deliverables representing the U.S. contribution to ATLAS.  This list was originally approved by the JOG 
in March 1998. Deliverables are listed in an Appendix to the U.S. ATLAS Construction Project 
Management Plan. The JOG approved a revision to the U.S. ATLAS Construction Project Management 
Plan in February 2003, incorporating changes to implement a two-phased project completion matched to 
CERN plans. 
 
U.S. CMS Construction Project - No change.  The U.S. CMS collaboration defined a list of deliverables 
representing the U.S. contribution to CMS.  This list was originally approved by the JOG in October 
1998 and is referenced in the U.S. CMS Project Management Plan. The JOG approved a revision to the 
U.S. CMS Construction Project Management Plan in February 2003, incorporating changes to implement 
a two-phased project completion matched to CERN plans. 
 
U.S. LHC Accelerator Construction Project - No change.  U.S. LHC Accelerator Project - The U.S. 
deliverables to CERN are defined in the Implementing Arrangement (IA) to the Accelerator Protocol. 
The IA is an annex to the U.S. LHC Accelerator Project Management Plan. The IA was signed by the 
CERN and U.S. signatories in July 1998 and revised in May 2002 to update delivery dates to match 
CERN schedule and address a CERN-directed change on RF region lattice design impacting U.S. work. 
 
CERN Direct Purchases - No change.  CERN will procure from U.S. industrial firms supplies required to 
construct the LHC accelerator.  These supplies will include superconducting alloy, cable, insulation, and 
other materials. 
 
10. BASELINE CHANGE ACTIVITY 
 
Baseline Control Level Baseline Changes 
Level 1, DOE/NSF Joint Oversight Group No changes this quarter 
Level 2, DOE/NSF Project Office  
             U.S. ATLAS Changes to the Level 2 cost, scope and schedule baseline. 
             U.S. CMS Changes to the Level 2 cost, scope and schedule baseline. 
             U.S. LHC Accelerator Changes to the Level 2 cost and schedule baseline. 
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APPENDIX A - FUNDING BY INSTITUTION (in thousands of dollars), U.S. CMS 
 



  Project Director’s Quarterly Progress Report –  3rd Quarter FY 2004   
U.S. Large Hadron Collider Construction Project 

 

 20

APPENDIX B - FUNDING BY INSTITUTION (in thousands of dollars), U.S. ATLAS 
 
 


