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Subject Matter

• Rutherford

• Five Decades of High Energy Colliders

– Components 

– CERN Intersecting Storage Rings (ISR)

– SppbarS and TeVatron

– LEP and SLC

– LHC and SSC

• Societal Applications of particle physics technologies

• The Future Circular Collider (FCC)
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Rutherford

• Lord Rutherford was the “god-father” of accelerators. 

• In his inaugural presidential address to the Royal Society 
in London in 1928, he said “I have long hoped for a 
source of positive particles more energetic than those 
emitted from natural radioactive substances”. 

• This was the start of a long quest for the production of 
high energy beams of particles in a very controlled way. 

• Particle accelerators and detectors of today are among 
the most complicated and expensive scientific 
instruments ever built by mankind and they exploit every 
aspect of today’s cutting edge technologies. 
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Types, Locations and Energies (1959-present)

All are 
synchrotrons 
except the 
two red boxes
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Principal Components of a Synchrotron Collider
Beam diagnostics 
and 
instrumentation,
Computer control,
Cooling,
AC/DC Power 
converters,
Etc…..
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2 Linacs, 9 
synchrotrons 
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The Path to Higher Energy 
Colliders for Fundamental 

Research
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The CERN Intersecting Storage Rings 
(ISR 1971-1984)

The first hadron Collider
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The first proton-proton 

collider, the CERN Intersecting 

Storage Rings (ISR), during the 

1970’s. One can see the 

“massive” rings and two of the 

intersection points. 



How to design detectors for collider

Schottky, stochastic cooling (ppbar in SPS)

Collimation and background control

Luminosity calibration by Van der Meer scans; still used in 

LHC

Impedance control and transverse instabilities

What is the Legacy of ISR?
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SppbarS and

Tevatron
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In 1976 Carlo Rubbia, Peter McIntyre and David Cline 

proposed to convert a high energy proton accelerator 

into a proton-antiproton collider. At the time there were 

two possibilities: one was already running at Fermilab 

and one was under construction at CERN (SPS)



Stochastic Cooling at ISR (1974)

P. Bramham, G. Carron, H. G. Hereward, K. Hübner, W. Schnell and L. Thorndahl, Stochastic cooling of a stored proton beam, NIM 125 (1975), pp. 201.
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Simon van der Meer and Carlo 

Rubbia celebrate their Nobel Prize in 

1984 with a toast at CERN.

…



LEP

and SLC
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Stanford Linear Collider (SLC)
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The Three 

Variants for 

the LEP/LHC 

Tunnel

Chosen Variant gave Maximum 

Circumference possible between 

Geneva Airport and the Jura 

Mountains

22km was optimum 

for LEP but LHC was 

already being 

considered
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27km circumference underground tunnel (cross-section diameter 4m) 

(was built in 1985)

The LEP Tunnel trace





Short History with Beam @ LEP 

• 1988: July 12: Octant test

• 1989: 
• July 14, First turn (15 minutes ahead of schedule!)

• August 13, First Collisions

• Aug13--Aug 18: Physics pilot run

• Aug 21--Sept 11: Machine Studies

• Sept 20-- Nov 5  Physics

• 1990--1994: Z physics

• 1995: Z + 65 & 70 GeV

• 1996: 80.5--86 GeV

• 1997: 91--92 GeV

• 1998: 94.5 GeV

• 1999: 96--102 GeV

• 2000: 102--104.4 GeV

Exciting period, 
But usually not 
very productive

22nd March 2019,  Liverpool 19

LEP Energy Upgrade:
Gradual addition of 288 
superconducting cavities during 
annual shutdowns

S.Myers FCC Symposium
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SC

Increasing the Acceleration Voltage/turn

96 GeV

98 GeV

100 GeV

101/100 GeV

But...
keeping it 
there 
requires a 
huge effort! 

1999
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LEP Amusing Stories

• Tidal Forces

• Lake Geneva water level

• TGV

• Beer bottles

• Electrocuted deers

• Sextupole mis-wiring

• …..
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Affecting Beam 
Energy

Affecting
Operational
Efficiency



The Higgs’ Boson

To be discovered at 

LEP (events seen at 114 GeV in 2000)

or LHC or Tevatron?
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Year 2000: Run LEP2 in 2001 or STOP?

LEP vs LHC (old vs new)
• running LEP would delay LHC by 0, 1, 1.5, 2  (?) 
years
• the competition with Tevatron
• manpower transfers needed from LEP to LHC
• “materials“ budget considerations (+electrical 
power etc)

The first and only Civil war in CERN

no consensus in CERN committees

DG made the decision to stop LEP
22nd March 2019,  Liverpool 23S.Myers FCC Symposium



The physics data (luminosity, energy, energy calibration).

LEP is the reference for any future e+e- ring collider design.

Legacy to Future Colliders

Avoid mountains for the tunnel!!! (FCC)

Running large accelerators (shutdown planning, cold checkouts…)

Real-time feedback on beam parameters (orbit, tune, instabilities..)

Running large Superconducting and cryo systems

…….

What is the Legacy of LEP?
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Use the experience and expertise gained in LEP to prepare 
beam commissioning and operation of the LHC

LMC Mission February 14, 2001

Following the decision to close LEP

LHC Machine Committee (LMC1 February 14, 2001)
BAILEY Roger, CLAUDET Serge, CORNELIS Karl, EVANS Lyn, FAUGERAS Paul, FERNQVIST Gunnar, 
JEANNERET Jean-Bernard, KOUTCHOUK Jean-Pierre, LAMONT Mike, LINNECAR Trevor, MERTENS 
Volker, MYERS Steve (Chair), POOLE John, PROUDLOCK Paul, ROY Ghislain, RUGGIERO 
Francesco, SABAN Roberto, SASSOWSKY Manfred, SCANDALE Walter, SCHMICKLER Hermann, 
SCHMIDT Rudiger, TSESMELIS Emmanuel, WENNINGER Jorg

http://lhc.web.cern.ch/lhc/lcc/lcc.htm
25

• Evaluate and maximise the performance of the injectors,
• Evaluate experience with other relevant machines,
•Prepare a detailed scenario for initial commissioning,
• Specify special software requirements for commissioning and
operation.
• Plan MD experiments for the LHC and its injectors



SSC
Largest hadron collider

NEVER built
22nd March 2019,  Liverpool 26

LHC
Largest hadron collider

EVER built

A Tale of Two Cities (Colliders)

S.Myers FCC Symposium
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(April 1983)

S.Myers FCC Symposium
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S. Myers Chair of Accelerator Physics Sub-Panel

S.Myers FCC Symposium
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DOE Review Executive Summary May 1986

…higher confidence in meeting performance goals 
would be obtained by further studies of magnet 
aperture requirements.

S.Myers FCC Symposium



Accelerator Physics Sub-Panel (1986)
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At present the basic techniques employed to study the 
effects of magnetic field quality have not been 
developed to the extent required to conclude that the 
magnet designs for the SSC are conservative……..one 
must hold open the possibility that the field qualities 
have to be improved…….and for the dipole magnets an 
increase in aperture may be required…

S.Myers FCC Symposium



DOE Review Committee SSCD SSC, September 1990 
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Collider Accelerator Physics sub-Panel: Chair S. Myers

S.Myers FCC Symposium

…Comparing the SCDR with the CDR of 1986…
• Injection energy has been doubled to 2 TeV
• Dipole magnet aperture increased from 40 to 50 mm
• New 90 deg lattice and shorter cell length



DOE Review Committee SSCD SSC, September 1990 

Collider Accelerator Physics sub-Panel: Chair S. Myers

…Consideration should be given to increasing the 
quadrupole aperture to 50 mm. To get more efficient use 
of space and a smooth vacuum chamber



LHC: Short History
Approval 1994
Construction 1995-2008 (L. Evans)
First Beam plus accident 2008
Repair 2009
Operation 2010-present (initially at 

7 TeV, then at 8TeV and then after
LS1 repair 13 TeV)
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27km circumference underground tunnel (cross-section diameter 4m) 

(was built for LEP collider in 1985)

The LEP/LHC 

Tunnel trace



LHC Operation Since 2008
(Brief summary)

THE ACCIDENT, REPAIR, RESTART, AND 
OPERATION
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LHC: First collisions at 7 TeV on 30 March 

2010

CMS

ALICE

LHCb
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Integrated Luminosity in 2010

45pb-1 recorded

22nd March 2019,  Liverpool 37S.Myers FCC Symposium



With Respect to estimates

4th July: CERN/Melbourne



Seminar on Discovery of Higgs’ Boson

39



2010  2012

22nd March 2019,  Liverpool
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6000

23000
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Discovery 2012, Nobel Prize in Physics 2013

The Nobel Prize in Physics 2013 was awarded jointly to François Englert

and Peter W. Higgs "for the theoretical discovery of a mechanism that

contributes to our understanding of the origin of mass of subatomic

particles, and which recently was confirmed through the discovery of the

predicted fundamental particle, by the ATLAS and CMS experiments at

CERN's Large Hadron Collider”.



Accelerator APPLICATIONS
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Summary Table of
the Applications of 
Particle Accelerators 
(from APAE)



Summary Table of
Operating Particle
Therapy Centres in
Europe (from APAE)
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Note: 
C indicates cyclotron
S indicates synchrotron



Summary Table of Particle Therapy Centres under
construction in Europe (from APAE)



Technological Spin-Offs of Particle Physics

• The World Wide Web
• Synchrotron Light Sources
• Cryogenics and Superconductivity

• MRI scanners (also phenomenon of magnetic resonance)
• Sc cables for transfer of electrical power (under development)

• Accelerators for radio-isotope production
• Isotopes for medical R&D, tools for medical imaging (e.g. PET scans) 

and therapy 

• Accelerators for Cancer Therapy
• Accelerators for

• Food sterilization (electron beams), diaper production, mining ore 
analysis,  

• Rapid cancer diagnosis

• Detectors for Medical imaging

22nd March 2019,  Liverpool

Accelerator apps:    http://www.symmetrymagazine.org/category/accelerator-apps
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http://www.symmetrymagazine.org/category/accelerator-apps


QuestionsQuestioning Fundamental Research

Q: Why spend millions of $, Euros, CHF, on studying 
obscure thing which have no uses?

Q: What possible use or application could there be for 
say, dark matter, neutrinos, or the Higgs boson?

A: We never know what is going to be useful until we 
study and understand it.
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Fundamental Research Drives 
Disruptive Innovation

(However the path from discovery to 
application is, in most cases, totally 

unpredictable)
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Antimatter application: Positron Emission Tomography

18F →18O + e+ + neutrino

e+ + e- → 2 photons
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PET Scans



Special 
Relativity

Quantum 
Mechanics

Discovery of 
Positrons

Invention of 
Cyclotrons

Fundamental 
Chemistry

Transistors; 
Electronics

Organic 
Chemistry 
Synthesis

Positron 
Emitting 
Isotopes

Radio 
Pharmaceuticals

Finely Pixellated
Gamma Ray 

Detectors

Nuclear and 
Particle 
Physics

Positron Emission 
Tomography

Fast Cheap 
Computers

Positron Emission Tomography: the perfect storm of applications

Around 1928,would Dirac, 
Planck, or Einstein ever have 
imagined these applications of 
their fundamental research?
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E. Rutherford

When questioned by a journalist 
about the splitting of the atom, 
Rutherford said 
“The energy produced by the breaking 
down of the atom is a very poor kind 
of thing. Anyone who expects a source 
of power from transformation of these 
atoms is talking moonshine.”

The great scientists themselves did not foresee the applications 
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Electro-magnetism

Relativity

For GPS to work, we 

have to take into account 

the correction due to 

time dilation. Otherwise, 

there would be a position 

error of around 10m after 

just 5 minutes of travel-

time!

J.C. 

Maxwell

A. Einstein

Telephones use 

electromagnetic 

waves to 

communicate
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The great scientists themselves did not foresee the applications 



Last Topic FCC
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Accelerator Sector Proposals (13) to the 
European Strategy Group in 2012
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1st August 2012

S.Myers FCC Symposium
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57
Future Circular Collider Study

Michael Benedikt

FCC Kick-Off 2014

Future Circular Collider Study - SCOPE 
CDR and cost review for the next ESU (2018)

Forming an international 

collaboration to study: 

• pp-collider (FCC-hh)       

 defining infrastructure 

requirements 

• e+e- collider (FCC-ee) as 

potential intermediate step

• p-e (FCC-he) option

• 80-100 km infrastructure 

in Geneva area

~16 T  100 TeV pp in 100 km

~20 T  100 TeV pp in 80 km



 1983: Preliminary Performance Estimates for the LHC.

 1984: Kick off meeting to discuss ideas for an accelerator to collide protons at 

very high energy

 1994: Decision to construct the LHC

 2008 First beam and then the accident

 2009 Repair

 19 November 2009: Restart of beam operation

 2010,2011 Spectacular performance of the LHC, detectors, and the GRID

 July 2012 Discovery of a Higgs’ boson

 About 2035: The LHC physics programme to be finished ?

 BUT in 2012, proposal of a study of a Super LHC (100TeV collision energy with a 

100km tunnel in the Geneva area). 

 2019  FCC CDR and proposal to ESG

The LHC Life cycle
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ISR

SppbarS

Tevatron

LEP

LEP 

Upgrade

SLC

RHIC

SSC
SSC 

Cancelled

LHC
LHC 

paper

LHC 

approval

FCC
FCC 

Proposal
FCC CDR

50 Years of Colliders

LHC 

Operation
LHC construction

LHC 

Repair
LHC Operation

Tevatron Operation

SLC Construction SLC Operation

ISR Operation

SppbarS Operation

RHIC Operation

SSC Project: DoE Reviews

LS1

LHC Construction

Construction  LEP2

LEP1 Operation
LEP2 

Operation

Project Preparation for 

Approval

Five Decades of Hadron Colliders:  Summary
Discovery of the J/ψ particle
Richter/Ting «November
Revolution» (1976)

Discovery of the W Z bosons
Rubbia/van der Meer (1984)

Discovery of the Higgs’ 
boson (2012)
Higgs/Englert

Stochastic Cooling ISR (1974)

We are HERE!

https://en.wikipedia.org/wiki/J/%CF%88_particle


Thank you for your attention
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