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Prologue

• On Sept. 2001, the results of an in-depth cost to completion analysis of
the LHC have been presented to Council;

• Substantial extra cost: 480 M over 2.6 B(18%) for Machine hardware,
installation and experimental areas + 143 Prototyping + computing +
underfunding w.r. to initial estimates etc. for a total lack of funding to
completion of about 850 M;

• Discussion with Council and soul searching within CERN have been
going on, to identify reasons and remedies of the crisis;

• I would like to report today about:
–  progress made to identify the way out;
– the important  milestones that the LHC project has overcome;
– Status of the project (machine & experimental areas only).



Summary

• Milestones (October 2001 to April 2002)

• Dipole production and schedule

• The External Review Committee

• Task Forces

• The Way out: refocusing and savings

• Status of the LHC

• Roadmap



LHC progress since October 2001

• Contract for Cryogenic line:
– adjudicated (Nov. 2001)
– Signed (April 2002)

• Super-conducting cable production:
– Reviewed by external Panel in Feb. 2002 (all firms interviewed)
– New production schedule defined and agreed

• Contracts for the assembly of the main dipoles:
– Adjudicated ( Dec. 2001)
– Defined and signed for one of the three firms (April 2002)

• Civil engineering works
–  steadily progressing
– Hand-over dates of the caverns to experimental Collaborations confirmed

(ATLAS: April 2003, CMS: July 2004)

LHC schedule redefined according to signed contracts

About 450
MCHF



Machine Hardware and Installation + Experimental Areas
(including HS&NMS special contributions, excluding
prototyping expenses)

1. Cost estimate, 1996 (in 2001 prices) 2593
2. New Cost estimate, Sept. 2001 3068

3. Spent or Committed (Feb. 05, 2002) : 2474 (81% of (2))



• MS:
– Swiss loan

• NMS
– India



2. Dipole production and schedule

• Superconducting Cable Production Reviewed in Feb. 2002 by an

External Panel (Chair: B. Strauss, DOE)

• Individual firms audited

• R&D is over (BEST is ENEMY of GOOD)

• Quality of cable that can/will be delivered: OK

• Worries of delay shared by the Panel: “Diligent procurement

management and possible reallocation of the orders among the

spectrum of vendors will be required to meet the stringent delivery

requirements of the cold mass construction program.”



LHC cable delivery
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Contractual UL-1 delivery

Contractual UL-2 delivery

UL-1 delivery promised by the firms in Feb 2002

UL-2 delivery promised by the firms in Feb 2002

UL-1 delivered

UL-2 delivered

Required for CM production (projection for just in time)

458 ( 5 March  02)

518 (31 March 02)



Dipoles, contractual dates
Dipole cold mass production planning
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Review of LHC schedule
(L. Evans, SPC March)

• CERN is supplier and customer for many components.

• Schedule must be safe.

• The critical path is through:

- Dipole assembly (supply of cable)

- QRL installation

• Schedule must have reasonable float.

• Ring closed 1st October 2006

• Injected beams 1st April 2007



Machine Advisory Committee
15-16 March 02

Examined critical path items:

• Superconducting cable production

• Cryogenic line

Endorsed schedule

Strong comments on manpower shortage for

contract follow-up





LHC Schedule

• We are very unhappy that the 2006 schedule could not be
held;

• Definite damage for many physicists and students around
the world;

• New schedule is based on official dates in the contracts of
the main industrial items, with some reasonable (but not so
large) time contingency;

• Schedule determined by technical rather than financial
constraints

• Makes possible an overall affordable scheme, for both
machine and detectors.



3. The External Review Committee

• Established by Council in December 2001;
• A complex mandate:

• Assess cost and schedule of the LHC
• Management structure
• Same, for the CERN programme at large

• Interim report presented to March Committees;
� Criticism on management and reporting tools have been expressed
� The scientific and sechnical basis of the LHC as well as quality and dedication

of CERN staff are clearly recognized;

• We look forward for the final report: fresh, out of the box thinking
is needed to help us to identify the reasons of the crisis and long
term remedies.



Reporting to Council

– When LHC started, financial management and reporting have been
taken from the LEP model;
– Rather than continuous revision of total cost, the aim was at cost
reviews at definite times (year 2000, then moved to 2001 because of
problems with LEP closing); same for detector construction;
– Lack of transparency and poor communication have to be
acknowledged;
– Nevertheless, technical progress, expenditure, commitments have
been correctly reported;
– Important problems with cost have been also reported to Council
(magnets, civil engineering, personnel), previously unforeseen needs
identified (computing, M&O expenses).



LHC Cost to Completion

• ERC interim report:  “at this time, it is not possible to agree to a
probable figure for the cost to completion of the LHC machine and
experiments; a large contingency (100-200 MCHF?) should be
envisaged.”

• We confirm the Cost to Completion and the need of a contingency
>100M as presented last November

• Analysis of Manpower, in the framework of new schedule, savings etc.
still in progress

• Attribution of work packages to specific groups, responsible towards
LHC/CERN Management has been going on and is now completed

• Earned value accounting, FI updated contract follow up are being
implemented

• We look forward for advice and interaction with ERC on Project
Management structure and Reporting.



4. The Task Force Reports
• Five Task Forces set in CERN in Nov. 2001, to identify:

•  Cost of different programmes
• Areas of savings, CERN-wide
• Restructuring
• Improved tools for managing CERN resources
• Restructuring the accelerator sector (ongoing)

• One external Member in each TF;
• Contributions from the Staff sent via e-mail: all examined, many have been

useful;
• Relations completed in Feb. 2002. Form the basis of direction in the Medium

Term Plan and our other actions, including those concerning Human
Resources. They were appreciated and supported by the Committees in
March;

• Demonstrated CERN's ability to think itself out of a problem, possibly the
most difficult one so far in its history;

• Findings go in a similar direction as those of the External Review
Committee;

• Executive Summaries are available on the Web.



5. The Way Ahead

• The future of CERN is the LHC. Streamline and organise the Lab around
this project.

• Reallocate activities and staff to match the LHC needs.
• Set up stronger financial controls, clearer responsibility and accountability at

the right levels.
• Set up a new system of monitoring Earned Value.
• Full P+M accounting.
• Review HR policies. Introduce Locally Recruited Staff. Re-tender contracts.

•Solution of the financial crisis : (i) savings programme, (ii) extension of
debt repayment period.
•Some savings are clear, others will take extra effort to implement.

Present crisis should be viewed in a balanced way. Clear dangers but also clearer
opportunities coming to light.

The opportunity to solve old problems cannot be missed.



Saving and Financial Plan

Reallocation of some
41 M/year over the
period, in 2002 money

–ambitious target on
Industrial Services;
–uncertainty margin (20% ?)
–Supported by Task Force3,
–More work, tight controls

24Indexation of Personnel budget in
2002 at 1.3%

Resource reallocation plan: 2002-2009 
 
 Comments Pers. Mat. Tot. 

Industrial services, 
Staff redeployment,  
Matching LD 
contracts to LHC 

20+25*6  170 170 

Research 
(2003-2007) 

- fix.targ. expts  in 2003 as planned 
- SPS stops in 05  
- 30% cut in other years to SPS and PS 
- CERN withdraws from OPERA 
- Energy savings not included here 

 
 

30 
 

30 

Fellows &Assoc. -15 to 20% 
increased opportunities in Europ. Res. 
Area 

41  41 

Accelerator R&D 
 

- Restrict to CTF3+SPL 
- Extend time of CTF3 construction 

 13 13 

Generic savings 6*7  42 42 

Savings in 2002   33 33 
TOTALS  41 288 329 

 



2.1 Accelerator Programme

• Confirmation of the 2003 programme and COMPASS;
• Full year stop of SPS in 2005;
• 30% beam time reduction in the other years (but CMS may require more time in 2004) up

to 2006;
• CERN shall withdraw from its participation in OPERA (observation of tau neutrinos with

the CERN-to-GranSasso beam).

• Running less expensive;
• A valuable low energy programme, a large community: no reason to disrupt
• However, 30% cuts on running time in 2003-2006.

PS

Minimal programme must respect main interests of fixed target
users (investments done, PhDs…) & LHC detector calibration

SPS



2.2.  Accelerator R&D

• General reduction to 1998 level: 4M/y, about 30 FTE;
• CTF3 supported:

– we need to know if it is a viable technology for MultiTeV
– CERN can make a decisive impact
– Resources from other European Labs

• SPL 120 MeV front end: a minimal investment;
• No further provision for R&D on neutrino factory proper (muon cooling, etc.)
• CERN shall provide support to an eventual (EU based ?) network  with the

know-how existing in the House.

A MINIMAL programme for an accelerator laboratory of the importance of CERN.
Its narrowness and limitations can only be justified by the present severe budgetary
problems.



2.3 Fellows & Associates

• We propose to reduce budget by 15-20%;

• Reduction mainly on non-LHC activities;

• Other sources possible in certain areas of research
and technical (e. g. EU fellowships, trainee
programmes).



ERA

• European Research Area promoted by the  EU
Commission gives an enhanced role to International
Research Organisations. Increased opportunities in
some research areas, training, technology transfer,
outreach;

• Networking with other institutions, competition with
other disciplines may turn a necessity into an
opportunity.



Overview of
the additional

costs and
savings

 
  

CERN/FC/4490 
 

 
Present  

LHC machine and areas construction 475.0 476.3 

Prototyping 143.0 143.4 

CERN share of detector construction and M&O 56.0 56.1 
LHC injectors 26.0 26.0 

LHC Computing Phase 2 120.0 90.0 

LHC infrastructure and Support (machine a nd 
detectors) 

53.2 53.4 

Radio active waste Management 14.0 17.1 
Total cost increase 887.2 862.3 

Cut for LHC Prototyping -143.0   
Cut in R&D -25.8 -30.9 

Cut in consolidation -18.0 -31.0 

Savings programme       -329.5 

Impact one year delay on LHC computing   -30.0 
Impact on energy budget from savings plan and one 
year delay 

  -60.0 

Total savings  -186.8 -481.4 

External funds (20)
Lower trigger rate (10)

 in addition: - 24 (Personnel  indexation in 2002)

Energy (10+50)

In total ~ 500 M
identified



Scenario 1 – Summarized Anticipated Budgetary
Position (MCHF, current prices)

2002 2003 2004 2005 2006 2007 2008 2009 2010

INCOME 1062 1042 1011 1011 1000 1020 1041 1062 1083
Net income 981 987 993 1007 1000 1020 1041 1062 1083
nMS & HS contribut. 81 55 18 4

 EXPENDITURE 1147 1207 1171 1143 1061 873 761 781 845
PERSONNEL 464 442 428 418 412 416 424 433 442
MATERIALS 660 742 719 701 621 429 309 318 374
DEBTS 23 23 24 24 27 28 28 29 30

BALANCE
Annual -86 -165 -160 -133 -61 147 279 281 238
Cumulative -208 -373 -532 -665 -726 -578 -299 -18 220

Cost of loans -2 -9 -15 -19 -17 -8 -71

NET POSITION 
Annual -86 -167 -169 -148 -80 130 271 281 238
Cumulative -208 -375 -543 -691 -771 -641 -370 -89 149



Scenario 2

Same savings effort as
in Scenario1;

+1% for R&D
activities (P+M);

+2.5% to limit
repayment period to
2009;

~ 140 M contingency
in 2009.

2002 2003 2004 2005 2006 2007 2008 20092010

INCOME 1062 1076 1045 1045 1035 1056 107710991121
Net income 1053 1074 1044 1042 1035 1056 107710991121
nMS & HS contribut. 9 2 1 3

 EXPENDITURE 1147 1209 1174 1148 1072 882 767 788 853
PERSONNEL 464 443 430 420 415 419 427 437 445
MATERIALS 660 743 721 704 630 436 312 322 378
DEBTS 23 23 24 24 27 28 28 29 30

BALANCE
Annual -86 -133 -129 -103 -37 174 310 311 268
Cumulative -208 -341 -470 -573 -609 -436 -126 185 453

Cost of loans -2 -7 -12 -14 -11 -1

NET POSITION 
Annual -86 -135 -136 -114 -51 163 309 311 268
Cumulative -208 -342 -478 -592 -644 -481 -172 138 406



Financial Plan
Two extreme financial scenarios:
• Scenario 1, no increase in Member States’ contributions and the

debt repayment period is extended to 2010;
• Scenario 2 includes a 3.5% increase in Member States’ (33 M/y)

contributions for R&D activities (+1%) and to limit the
repayment period to 2009 (+2.5%).

• In both Scenarios,
– ~ 500 MCHF have been identified for reallocation on the LHC project, to

be compared with some 850 MCHF extra cost in the whole programme
reported in 2001;

– contingency of >100 M in final year.



Financial Plan (cont’d)

• Scenario 1 is a minimum approach, which reduces drastically
non-LHC activities over a very long period and puts at risk the
future vitality of the Organization;

• I believe “ we hit the rock bottom”: a very hard task, few
margins left for unforeseen events;

• Management urges Member States to consider investing
additional  resources in CERN,
– Build up an explicit contingency for the LHC;
– Support further accelerator R&D and/or
– Allow for an earlier start of CERN on new projects in Particle Physics

(Neutrino factory? International LC? ).



6. Status of the LHC: Civil engineering



Future LHC tunnel and beam dump TD68, looking towards Point 7



Point 1 (ATLAS)



USA15
� bldg USA15 : CE finished, delivered

 Service cavern

� Small CE work to be finished inside

 Safe room, gas Room

� Access via PX15 shaft

 lift 3 tons, crane 16 tons (PX15),

 Hoist (USA15) of 10 tons

Electric
room

Gas &
safe room

Cooling
plant



Civil engineering at
Point 1



POINT 5 (CMS)



Civil engineering at
Point 5



Status of the LHC (cont’d): Machine

Sextupoles and decapoles

Correction elements



Dipole cryostats

SMA18 cryostating hall



Dipoles

Dipole assembly at ALSTOM



Dipoles

Dipole assembly at ALSTOM



Cleaning insertion
quadrupoles

G. de Rijk / SL



US and Japanese
contributions

• IR quadrupoles (FNAL)
- First two MBQX complete.  Third is being yoked

- First cryostat has arrived

- First Japanese quadrupole has arrived at FNAL

• Beam separation dipoles (BNL)
- All five D1complete

- Three of nine D2 complete

- Ready to ship first units by May

• IR feed boxes (LBNL)
- First HTS power leads tested.  OK for production

- First TAN assembly started



Non-Member state
contributions

Arrival of first Japanese quadrupole at FNAL (J. Strait/FNAL)



Non-Member state
contributions

1st MQXB on Q2
cold mass
assembly tooling

2nd MQXB on warm
magnetic
measurement station

3rd MQXB being
prepared for end
plate welding

Full scale
prototype1st MCBX

corrector

Cryostat
insertion tooling

1st MQXA in its
shipping crate

Assembly of inner triplet quadrupoles at FNAL (J. Strait / FNAL)



Non-Member State contributions

3rd D1 on
Test
Stand

1st D2 on
Test
Stand

2nd D2
awaiting
test

3rd D2 on
cryostat insertion
fixture

4th D2 awaiting
cryostat
insertion

Beam separation dipoles at BNL (J. Strait / FNAL)



 
 
November 2001 

- Facts 
- Scenario 
- A look forward  

    
 
December 2001 

- First target for a Plan 
 
 
March 2002 

- LongTerm Projection 
(2003-2012), first draft 

 
 
June 2002 

- Medium Term Plan 
- Long Term Projection 

(2003-2012) 
 
 

 
 
 
Mid November 2001:  

- External Review 
approved  

 
 
 
 

-  
- External Review: 

interim report 
 
 
 
 

- External Review: 
final report 

 
 
 
 

 

ROADMAP 

Task Forces 

Task Forces 

Finance Committee
November 2001



Conclusions

• A Draft Plan has been presented in the March Meetings
• Main elements:

• LHC schedule based on contractual dates for main industrial items;
• Scientific activity redefinition
• Important savings identified (40 M/y over 8 years)
• Prolonged payment/increased contribution
• Organization and control

• We want to take the opportunity presented to:
• Adapt our Human Resources policies to present and future needs;
• Generate wider, across CERN, involvement in the LHC project;
• Resolve some long-standing issues;
• Demonstrate CERN adaptability to the changing needs.



Conclusions (cont’d)

• Draft Plan: integrates the results of Task Forces
• A first step towards an affordable solution to LHC completion;

• still Work in progress, towards a new Medium a Long Term
Plan to be defined later in the year;

• Input from External Review Committee for final Plan and
Management structure;

• We cannot miss the opportunities presented to adapt CERN to
the new reality and to the future.

LHC is progressing steadily


