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IR Quadrupoles are in production.
• Prototype quadrupole successfully tested.
• 1st production quad is nearly complete, collared 

coil assembly for 2nd is complete, all coils for 
3rd are wound and cured.

• Completion of 1st Q2 cold mass assembly:
Quad + CERN correction coils + Quad 

and insertion into 
the cryostat will 
start in January.

US LHC Accelerator Project Status
IR Quadrupoles
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Beam separation dipoles are in production.

• 5 of 5 of D1’s complete, 
1st tested, 2nd on test stand. 

• 3 of 12 D2 cold masses complete, 
awaiting cryostats (Xmas present).

• D4 coil winding just started.

• D3 design nearly complete, 
production to start in spring.

• Redesign of IR4 reduces number 
of D3 and D4: 6 -> 3 each.

Beam Separation Dipoles
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IR Feedboxes

IR Feedbox (DFBX) design is nearing completion.
• Detailed manufacturing drawings, interface specifications, 

engineering notes, and travelers, are being completed.
• 1st pair of 7.5 kA HTS power leads tested successfully.
• Lambda plate under test and first results are promising.
• Fabrication study by two experienced manufacturers just 

finished.
– Major revision to DFBX cost and schedule being developed.
• Cost review planned for February-March.
• PRR planned for April, followed by release of major RFQs.
– Management and engineering has been strengthened.
• Senior, experienced project engineer appointed to lead the program.
• Additional senior engineering and design support added to help 

complete design and plan production.
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IR Absorbers components being procured.
• Final interface details for TAS have 

been worked out.
• TAN vacuum chamber design approved.
• Large TAN and TAS pieces are in house; 

82% of procurements are complete or in process.
• Production assembly to start in February.

Production SC cable testing continues.
• Sample delivery rate from CERN slowly

increasing.
• ~ 3.5 months behind schedule set last 

winter; 9 months behind original schedule.
• Peak rate expected to be reached  soon 

and will continue FY2002 - FY2004; 
scheduled completion in FY2005.

IR Absorbers and SC Cable Testing
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Schedule situation remains satisfactory:
• Overall the project remains ~3 months behind our schedule.
• Somewhat larger delays for DFBX (longer than planned design 

process) and Absorbers (extended transition from procurement to 
production assembly).

• We remain ahead of schedule for delivery of our equipment to 
CERN by the required installation dates.

Interactions with CERN and KEK are very productive:
• First CERN correction coils to arrive at FNAL this month, first 

KEK quad in March.

Project technical progress is good:
There only minor technical, schedule and coordination issues.

Project Status
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Re-Baseline of the Project

We have completely re-baselined the Project, except for the DFBX:
BCR 24 - Luminosity instrumentation beam test Approved 25 May 01
BCR 25 - Rebaseline BNL dipole, AP and PM Approved 3 July 01
BCR 26 - Rebaseline SC test program Approved 4 May 01
BCR 27 - Rebaseline IR Absorber program Approved 28 Aug 01
BCR 29 - Rebaseline LBNL cable, AP and PM Approved 20 Sep 01
BCR 30 - Rebaseline IR quadrupole, FNAL AP and PM Approved 16 Oct 01
BCR 31 - FNAL test stand commissioning Approved 16 Oct 01
BCR 32 - IR4 Layout revision, D1 interconnects Approved 27 Nov 01
BCR 33, 34 - IR Absorber milestone revisions Approved 20 Sep 01
BCR 35 - DFBX Fabrication Study Approved 20 Sep 01
BCR 36 - Reduction in FY2002 AP effort Approved 5 Oct 01
BCR 37 - Update milestones for delivery to CERN Approved 6 Nov 01

BCR28 - Rebaseline IR feedbox (DFBX) program
Approval not recommended by CCB 25 July 01
New cost and schedule plan for DFBX program is under development
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Baseline Change Results

WBS Description March 01 October 01 Change
1 US LHC Accel 96,655 102,336 5,681
1.1 Interaction Reg 40,173 45,749 5,576
1.1.1 Quadrupoles 23,729 27,663 3,934
1.1.2 Dipoles 6,182 7,245 1,064
1.1.3 Cryo Feedboxes 5,829 5,829 0
1.1.4 Absorbers 3,438 4,320 881
1.1.5 System Design 996 693 -303
1.2 RF Region 12,744 12,845 102
1.2.1 Dipoles 12,744 12,845 102
1.3 SC Wire & Cable 9,833 10,837 1,004
1.3.1 SC Testing 8,854 9,901 1,047
1.3.2 Cable Prod S'pt 979 936 -43
1.4 Accel Physics 3,809 2,626 -1,183
1.5 Project Mgt 10,885 11,059 174

Overhead + G&A 19,211 19,219 8

Total Project Cost 110,000 110,000  -

BNL 41,804 43,733 1,930
FNAL 37,351 40,504 3,154
LBNL 17,501 18,099 598

Budget at Completion (k$)
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Cost and Schedule Performance
Through October 2001

D
ollars In M

illions

CumBCWS/BCWP/ACWP
 US LHC Accelerator Project Office 1 RDPR FFP
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-0.8M Abs (6 mo)
-1.1M Dipoles (3 mo)

Rebaseline BNL

Rebaseline 
FNAL

Rebaseline LBNL 
(except DFBX)

3 mo.

BCWP = $71.7M
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Contingency Status

Contingency increase in past 3 months 15% -> 20%
• Less work remains to be done.
• Real EAC reductions:  

- AP at BNL and FNAL, 
- favorable prices on large quad cryostat and absorber purchases,
- reduced dipole testing and out-year EDIA at BNL.

Contingency Rqd 27Nov01 28Aug01 10May01 Nov 00 May 00
BCWP ACWP BAC K$ % EAC EAC EAC EAC EAC

BNL 29,727 30,036 43,733 2,027 15% 43,733 44,032 44,593 44,406 40,554
FNAL 30,215 29,854 40,504 2,176 21% 40,268 40,563 39,740 40,019 40,329
LBNL 11,719 11,285 18,099 2,037 25% 19,565 19,998 18,832 17,337 17,471
Total 71,660 71,175 102,336 6,241 19% 103,566 104,592 103,166 101,763 98,354
TPC 110,000 110,000 110,000 110,000 110,000 110,000
%compl 70% 69%
Contingency (TPC-EAC) 6,434 5,408 6,834 8,237 11,646

ACWP as of end of previous month 71,175 67,672 62,698 54,378 43,649
Cost to go (EAC - ACWP) 32,391 36,920 40,468 47,384 54,705

Congingency as a fraction of:
Cost to go (EAC - ACWP) 20% 15% 17% 17% 21%

As of 31 Oct 01
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EAC and Contingency History
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US LHC Accelerator Project Summary

• Technical progress is excellent.
• There are no major schedule issues.
• Cost situation is under control.

• Excellent and constructive working relations continue with CERN 
(and KEK).

• We remain fully committed to deliver on our commitments to 
CERN
Full technical performance,
On time,
Within our budget,

and every action is and will be taken to ensure success.
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The US Hadron Accelerator Community and CERN plan to 
continue the collaboration established for the construction of LHC.  

The goal of this program is to 
• Extend and improve the performance of the LHC, so as to 

maximize its scientific output.

In addition, this program will
• Maintain and develop the US labs’ capabilities, so that the 

US can be the leader in the next generation of hadron colliders. 
• Serve as a vehicle for US accelerator specialists to pursue their research.
• Continue to advance international cooperation in large science facilities. 

CERN management strongly supports our continued collaboration.

US LHC Accelerator Research Program
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As with the construction project, the major focus will be on the IRs. 
• Understanding the performance limitations of the current design.
• Developing new IR designs for higher luminosity.
• Developing higher performance quads for new higher luminosity IRs. 

Other activities address the goal of maximum machine performance. 
• Development of advanced beam diagnostics.
• Accelerator physics experiments and calculations.

And in the shorter term…
• Commissioning of the LHC, to ensure the most rapid possible turn-on:

o Hardware commissioning of our equipment.
o Sector test.
o Full beam commissioning of the LHC.

US LHC Accelerator Research Program
Planned Activities
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Interaction Region Development

• The IRs will be among the limiting systems. Replacement of the existing 
quads is a necessary route to higher luminosity.

• The existing quadrupoles have a radiation lifetime of 6-7 years at design 
luminosity, and must be replaced by about 2013.

• Several designs for new IRs have been proposed.
o Maintain the existing optical layout, but with larger aperture 

quadrupoles made of Nb3Sn superconductor.
o Re-arrange the IR to place a beam separation dipole before the 

quads, which then become smaller aperture, twin-bore magnets.
o Add very high gradient quads between the existing triplet and the IP.

• A US-CERN mini-workshop on IR upgrade options is planned for the 
first part of 2002.
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Possible 2nd Generation IR Designs

“10σ” beam envelope for β* = 25 cm 
using 200 T/m, 90 mm aperture 

quads.  (βmax = 9400 m)

IR Optics with extra “Q0” doublet 
between triplet and IP: 

β* = 18 cm, βmax ≈ 6000 m.
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Development of 2nd Generation IR Quadrupoles

• Any of these options will require new technology to reach the higher 
fields needed.  Use of Nb3Sn coils is the most likely route.

o This would be the 1st use of Nb3Sn in a real accelerator, an 
important step towards the next generation of hadron colliders.

• Development of more radical ideas, for example use of HTS material, 
is also under consideration.

• The 1st generation quadrupoles will have taken ~9 years from 
beginning of engineering design to installation.
The 2nd generation quadrupoles will not be easier.

• We must start soon to ensure that the quadrupoles are ready when 
they are needed . . . and to ensure that the US labs can be major 
players in this uniquely important work.

• This program builds on and is complementary to on-going R&D in 
high field magnets, that is part of the base program.
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Possible 2nd Generation IR Quadrupoles

Q0A Q0B
Aperture 50 70 mm
Goperating 540 320 T/m
Bpeak 16 13 T
PLuminosity >1000 W

Candidate Nb3Sn quadrupole designs 
compared with the 1st generation quad.

Design concept for HTS “Q0” quads.
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Advanced Beam Diagnostics

Advanced diagnostics can lead to improved machine 
performance, e.g.:
• Fast bunch-by-bunch luminosity monitor, 

used for feedback directly maximizing luminosity.
Beam test of a prototype ionization chamber
has demonstrated feasibility.

• Longitudinal profile monitor, giving a detailed look 
at beam dynamics    => 
understand intensity limitations.

• CERN has strongly invited our
collaboration on these devices.

• Other ideas may be developed
as technology advances and
LHC limitations are known.



JOG, 10 Dec 2001 J. Strait - US LHC Accelerator Project 21

Accelerator physics calculation related to LHC operational issues, 
performance limitations and means to alleviate them for example:
• Beam-beam interactions: head-on and long-range.
• Synchrotron radiation power and vacuum issues.
• Electron cloud effect.
• Beam losses, radiation and shielding.
• Analysis of field errors and their effect on machine performance.
• Other beam dynamics studies.

Accelerator physics experiments:
• Optimize LHC performance.
• Address fundamental beam physics issues.
• Address questions related to future, higher energy and luminosity 

hadron colliders.
Establishing remote data acquisition (and, perhaps, eventually control) 
capability will support this work.

Accelerator Physics
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LHC Machine Commissioning

We can help ensure efficient start-up and rapid achievement of design 
operating parameters and we will benefit from the experience gained by 
our physicists and engineers.
• Hardware commissioning of the US-provided systems. (FY03 - 05)
• Commissioning of the first LHC sector (7-8) and possible beam 

operation. (FY04 - 05)
• Commissioning of the whole machine. (FY06 - 07)

Planning for commissioning is already under way at CERN, and we have 
been invited to participate.

There aren’t many big machines commissioned, and this is a unique 
opportunity of which we must take advantage.



JOG, 10 Dec 2001 J. Strait - US LHC Accelerator Project 23

Program Planning

We are developing a proposal driven system for planning the technical 
program, which includes peer review of the proposals. 

A “Program Advisory Committee” will be formed to review proposals, as 
well as the on-going work.  Membership (~4-6) will be drawn from:
– US accelerator experts not directly involved with the LHC.
– High energy physicists with a broad perspective on the field.
– Representatives of CERN management not directly working with the 

US collaboration.
This committee will advise the US LHC Accelerator Research Program 
Manager in planning the initial work scope, and in evaluating new ideas, 
to allow their inclusion as the research program develops.  

We will review periodically the overall “roadmap” of the program … how 
we are addressing the goal of maximizing LHC performance.
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Program Planning

A Lehman Review of the US LHC Research Program, including CMS, 
ATLAS and the Accelerator, is planned for 9-11 April.

Sasha Zlobin (Fermilab) has agreed to lead the effort to prepare for this 
review.
– Organize the efforts of the US Laboratory Collaboration.
– Flesh out and document the technical program.
– Develop cost estimates and schedule plans.
– Draft a Program Management Plan and begin to implement it.
– Work with CERN to agree on the parameters of our collaboration with 

them on the research program. 

Internal reviews leading to Lehman Review:
– First meeting of Program Advisory Committee ~1 March.
– “Rehearsal Review,” reporting to FNAL Directorate, ~20 March. 
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On behalf of the three US Labs working on the LHC, Fermilab has 
requested initial funding for the US LHC Accelerator Research Program.

“Seed” funding (~$300k) this year is important to:
– Allow vigorous planning and organization of the program.
– Establish the principles that:

• The US will continue to be a partner on the LHC.
• Our accelerator specialists will have the opportunity to participate 

fully in the LHC research program.
– Permit US participation in planning for machine commissioning that is 

going on now.
– Allow a timely start of long-lead-time projects.

Early Funding
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More serious funding (~$1M) starting in FY03 is required for:
• AP work aimed at machine operations.
• Hardware commissioning of our equipment as it is installed.
• Planning for the beam test of the 1st LHC sector in FY2004.
• Implementation of luminosity instrumentation.
• Initiation of design of 2nd generation IRs and their quadrupoles.

Support of a vigorous US LHC Accelerator Research Program requires 
relatively modest funding, rising to $1.5M in FY2004 and to about $10M 
per year by 2007. 

The funding profile must allow room for new initiatives to arise later, 
which are not part of the initial work scope. 

A detailed funding profile supporting this important work will be an 
outcome of the planning exercise carried out over the next months.

Funding
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US LHC Accelerator Research Program 
Conclusions

On-going US collaboration on the LHC accelerator is a crucial 
component of the US LHC Research Program, supporting the 
experiments and helping to maximize the LHC’s scientific output.

The US LHC Accelerator Research Program is also complementary to
and builds on the domestic hadron accelerator programs.

As the focus of US accelerator development shifts towards a linear 
collider, the state-of-the-art in hadron machines shifts to the LHC, and 
big HEP projects become fully international, our collaboration on the 
LHC accelerator will become a crucial part of a balanced HEP program.  

Collaboration with CERN on LHC is a crucial and cost effective means to 
protect our intellectual and physical investment in advanced hadron 
colliders and the technologies that make them possible, and to continue 
to advance our capabilities, with an eye to the next generation very large 
hadron collider.


