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A revolutionary tool: Collision Rings
• beam-beam collisions : “train against train…” (B. Touschek)
• reach energies not possible for fixed target experiments
• Big technological problems had to be solved: intensity of beams 

(”nothing” against “nothing”??)), vacuum...

• First colliding e+e - ring: AdA, Lab. Naz. di Frascati (1962 B. 
Touschek and coll. )

• P-P ISR (CERN, 1971)
• P-anti P (Rubbia&VanderMeer, CERN, 1981)
• P-anti P (Tevatron, FermiLab-USA, 1987)

• e+e - (LEP, CERN, 1989)

• e – P (HERA, Hambourg-DESY, 1993)

P-P (LHC, CERN), 2007: a new territory

}same energy region, 

different probes
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Collider energies versus time
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LHC planning 
started in between 
these two 
machines !
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Preparing the way
• 1976 Richter at CERN, study of parameters of a big e+e- 

circular at CERN
Computing the optimal dimensions of an e+e- circular 

collider at the WW threshold, found a radius of 5-6 km, 
well suited to fit in the Gex plain 

• CERN commissioned three study groups, starting in 
1977.

• 1981  LEP project approved by CERN 
Council:

–  (i) conventional macchine up to 50 GeV/beam,
– a second stage up to the WW threshold with sc 

radiofrequencies
– Emilio Picasso Project Leader.
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THE LEP TUNNEL
• The size of the LEP tunnel has been a delicate aspect
• Physicists had thought to make it wider than what was strictly needed, so as to be 

able to install later a proton machine with superconducting magnets
• The ECFA study made in Roma in 1978, chaired by A. Zichichi, had made a 

recommendation in this direction, nothwitstanding the resistence of those afraid that 
the implied cost increase would have put the very same LEP project at danger

• as a compromise, a tunnel of 4 meters diameter was accepted. This was not enough 
for a cryogenic system with two independent magnets (such as was designed for the 
SSC). 

• CERN was forced to develop the more advanced design: “two-in-one”, more compact 
and and less expensive

• The choice of tunnel’s dimensions, all in all, is a positive story: an admirable 
compromise that made it possible to prolong the lifetime of CERN by certainly more 
than 20 years.
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LHC two-in-one magnet in an early design 
(1990)
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Jets and QCD evolution
• 1982         SppbarS in operation: jets

1983         Discovery of W&Z
The discovery of jets (i.e. interactions of the constituents) in p-pbar 
has played a crucial role because it showed the possibility to study 
basic interactions even with hadron beams. No problem to get to 
high energy, compared to e+e-

• QCD evolution shows that there is no much gain in p-pbar vs. p-p 
collisions (gluons and sea constituents dominate). No problems 
with luminosity such as with pbar.

• By 1984-1985 the idea of a high energy proton collider in the LEP 
tunnel had gained momentum

• July 1989    first Z0 at LEP.
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Physics at High Energy 

Parton composition of High Energy protons
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• 1981             Lausanne ECFA workshop: LHC in LEP tunnel
• 1986             La -Thuile workshop: first design (G. Brianti)
• 1988             Feasibility of High Luminosity expts at LHC, Geneve meeting
• 1990             Aachen meeting: main lines are delineated. 
•
•
• G. Kalmus (closing remarks): It (the Aachen meeting) has marked a watershed, the time, when 

the LHC project…graduated ..to being the way forward for European particle physics. 
•
• C. Rubbia: high luminosity makes LHC competitive with the SSC (compensating for an 

energy ratio 40/16 – really 14)
• A lot of wishful thinking:

• schedule: start civil engineering in 1992, commissioning in 1998 (6 years). 
• In reality…start civil engin. in 1997 (+5), commiss. In 2007 (+5+4=+9 years).  
• It was still considered possible to install in the tunnel together with LEP and run LEP and 

LHC concurrently (poosibility was kept alive until 1995-C.LL.S in Beijing mentioned that 
probably LEP had to be dismantled…I got protests by I. Mannelli)

• no cost mentioned.
• 1992        Council declares that the LHC “will be CERN’s next facility”, 
• 1992         Expressions of Interest for experiments are presented in Evian; the LHC experiments 

Committe is created.  

Early LHC chronology
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Presented in 
Aachen, 1990
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Energy vs. Luminosity
• The first design of the LHC in the LEPtunnel have been presented in 

March 1984, ECFA workshop in Lausanne. 
• Not competing on energy with the SSC, LHC invested in luminosity
• the energy-luminosity trade: 

– since the proton energy is anyway >> parton energy, with high 
luminosity you can catch the rare collisions from high energy partons 
which are always present in the proton. 

• high luminosity was a risky business: 
– betting in a machine that we knew (perhaps!) how to build with 

detectors that we did not know for sure how to make. 
• A long R&D was necessary. Today we know!!!

The “Luminosity-Energy trade”: 
reappears now with the SLHC !!
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Indicative Physics Reach

Approximate mass reach of pp machines:
 √s = 14 TeV,   L=1034 (LHC)     :   up to ≈   6.5 TeV
 √s = 14 TeV,   L=1035 (SLHC)   :   up to ≈    8 TeV
 √s = 28 TeV,   L=1034               :   up to ≈   10 TeV 
 √s = 40 TeV,   L=1034               :   up to ≈   13 TeV 
 √s = 200 TeV, L=1034 (VLHC)   :   up to ≈  75 TeV

Units are TeV (except WLWL reach) 
ILdt  correspond to 1 year of running at nominal luminosity for 1 experiment

* indirect reach 
(from precision measurements)

PROCESS               LHC           SLHC         LHCx2        VLHC       VLHC           LC               LC
                             14 TeV       14 TeV       28 TeV       40 TeV    200 TeV     0.8 TeV     5 TeV
                             100 fb-1     1000 fb-1    100 fb-1     100 fb-1     100 fb-1      500 fb-1    1000 fb-1

Squarks                   2.5             3                4                 5             20             0.4             2.5 
WLWL                       2σ             4σ             4.5σ             7σ           18σ                             90σ

Z’                              5               6                8                11            35                       8 * 30 * 
Extra-dim (δ=2)        9              12                     15               25            65                  5-8.5 * 30-55 *
q*                            6.5            7.5             9.5               13            75             0.8              5
Λ compositeness      30             40              40               50           100            100            400

Fabiola Gianotti: ICFA Seminar
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The SSC drama

• The SSC (Superconducting Super Collider) was proposed in the US in the first ‘80s: 
proton-proton, very high energy, 20 TeV/beam;

• 1988           SSC approved, proton-proton, 20 TeV/beam, 87 km tunnel, cost 4-5 B US$.
1989           SSC construction starts.

• 1993           SSC discontinued by the US Congress after a bitter discussion which 
invested all the    scientific community (projected cost >10 B US$) 

• the cancellation of the SSC programme made a terrible shock-wave in Europe, firing 
back on particle physics and CERN.

• Top discovery had a very good balancing effect (as seen from Italy)
• Luckily, on the basis of the SppbarS and LEP successes,  CERN project has been 

approved in 1994.



  

The 1994 approval of LHC

2% indexation
+ special contr.s

2 stages

Role of non- 
MS contr.s

Indexation model
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CERN/2179 (Dec. 1996)
RESOLUTION
concerning the construction of the LH and the funding of the Organization
DECIDES
1.
that the LHC Project shall be completed in a single stage and planning shall proceed 
on the basis that the LHC shall be commissioned in 2005;
2.
that funding of the LHC will be preserved as foreseen when the project was approved, 
in the framework then agreed (CERN/2075 and the statement annexed thereto), albeit 
with a reduction in the Member States ’annual contributions to the Organization of 
7.5%in 1997,8.5%in 1998-2000,and 9.3%in 2001 and thereafter,compared to the level 
foreseen in December 1994;
3.
that it will make every effort to ensure that the ordinary contributions from each 
Member State during the period 1997-2008 will not fall below the level implied by its 
above decisions;
URGES
all Member States to make every effort to pay their full ordinary annual contributions 
during the first quarter of each year, and to examine the possibility of making 
advanced payment of their ordinary annual contributions;
AND ENCOURAGES
additional contributions to enhance the vitality of the general scientific programme 
during the LHC construction period.
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Normal sufferings...ground freezing at the 
CMS shaft



Status report on the LHC machine
Lyndon Evans

Scientific Policy Committee

CERN, Geneva,

10-11  December 2001

UX15 cavern seen from the LHC tunnel
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..and major crises: LEP 
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ALEPH candidate, summer 2000
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Clean, startling events seen by ALEPH
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Institutional Committes have been consulted on LEP running in 2001

• LEP C  (Nov. 3) no consensus on a positive recommendation 
• "... the combined evidence for a Higgs near 115 GeV already to be quite significant and 

considers that there are sizable prospects for a major discovery to be made at LEP, but also a 
non-negligible risk that no definite conclusion would be reached.  

• Therefore, considering only LEP and its operation costs, the committee considers that an 
extension in 2001 to collect 200 pb-1 above 208 GeV would be justified.  

• However the committee also recognises that an extension could have a serious impact on the 
LHC and, in view of this, there was no consensus to recommend an extension. "

• Research Board (Nov. 7) no consensus on a positive recommandation
• Scientific Policy Committee was consulted permanently, and reported to CC
• The issue arrived to the CERN Directorate on Nov. 8:
• The Directorate considers that the risk of a major delay of LHC and the extra cost do not 

justify a LEP run in 2001. Therefore, the Directorate maintains that the existing programme is 
the best way to address this physics and unanimously does not accept the request to run LEP 
in year 2001.

Brief Chronology
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Tevatron discovery potential
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Epilogue: Committee of Council, Nov. 17

Final  CC Statement
"On 17th November 2000, the CERN Committee of Council held a meeting to examine a proposal 

by the Director-General concerning the continuation of the existing CERN programme, which 
foresees the decommissioning of the LEP accelerator at the end of the year 2000.

The Committee has expressed its recognition and gratitude for the outstanding work done by the 
LEP accelerator and experimental teams.

It has taken note of the request by many members of the CERN Scientific Community to continue 
LEP running into 2001 and also noted the divided views expressed in the Scientific 
Committees consulted on this subject.

On the basis of these considerations and in the absence of a consensus to change the existing 
programme, the Committee of Council supports the Director-General in pursuing the existing 
CERN programme."

Scientific Policy Committee: majority in favour of stopping LEP

LEP data-taking is finished and we are moving into the LHC era.
CERN staff and LEP Collaborations have made a tremendous efforts over the time 
of LEP, which have led to many exceptional achievements, 
notably the recent evidence for a Higgs particle at a mass of 115 GeV. 
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the region covered by 
LEP 2 was larger than 
expected, 
very crucial for the 
LHC !!



The model following the cost review and the assumptions above are:

LHC machine and areas construction + 475.0
Prototyping + 143.0
CERN share of detector construction and M&O + 56.0
LHC Injectors + 26.0
LHC computing Phase II + 120.0
LHC infrastructure and support(*)(machine & detectors) + 53.2
Radioactive waste management + 14.0

+ 887.2
Cut for LHC prototyping (over 2001-2008) - 143.0
Cut in R&D - 25.8
Cut in consolidation - 18.0

- 186.8
Balance + 700.4
Missing in-kind contributions + 40.0
Total 740.4

(*) Corresponds to the materials margin not allocated to the Remuneration Review
(CERN/FC/4360/corr.) distributed so as to increase the support provided to the LHCproject
and the related CERN infrastructure.

Sept.19
talk
480
150
50

120

40

≈10 Further Assumptions:
Special Indexation of Host States stops after 2005
From 2006 onwards indexation keeps purchasing power

The LHC extra cost 
to completion:
main figures

Major crises: Cost estimate & Schedule (2001-2002)...

Presented to the 
External review 
Committee, Jan 

2002...
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... a tough cure, a balanced package

In very rough figures:
• savings: 

– reduction in science programme with recuperation of 
manpower, rescheduling (required by cable 
production) ...more control...(about 300 MCHF)

• extending repayment period from 2007 to 2010 (about 400 
MCHF)

• CERN came out leaner but more focussed....will see...
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An opportunity for CERN

Chinese symbol for CRISIS (           ) contains two characters

That for DANGER (           ) and

That for OPPORTUNITY (           )

Present crisis should be viewed in a balanced way. Clear 
dangers

but also clearer opportunities coming to light



LHC in progress

First Octant completed!

Installation of the cryo-line
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• With less reservation than last year, we can confirm the LHC 
schedule:
– completion of the LHC machine in the last quarter of 2006, 
– first beams injected during the spring of 2007
– First collisions mid 2007. 

• CERN has profited from Cost-to-Completion crisis in 2001 
to enforce real changes; 
• A leaner programme, a well-focused Laboratory;


