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Particles discovered 1898 - 1964

Cosmic rays Accelerators



Particles discovered 1964 - present: 

2012 Higgs

2015 Pentaquark

There is still a huge amount going on out there!





Cracks? Dark matter?



Cosmic acceleration

2 PeV neutrino "Big Bird"



More traditionally (for 

example)
Neutrinos

Rare decays of K mesons



The first circular accelerator
Lawrence and Livingston’s 80 keV cyclotron (1930)
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Ernest O. Lawrence
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Cyclotron Synchrocyclotron

Livingston and Lawrence standing beside the 27-inch 

cyclotron, built in 1934



SYNCHROTRON

The basic principle of the Synchrotron is to maintain 

the accelerated particles at a constant orbital radius. 





SPS dipoles



Quadrupoles
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• A quadrupole magnet will focus in plane and de-focus in the other.

sx



LHC tunnel

Video 1’22’’



Acceleration principle
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ADT Q5 Q6 Q7
ACSACS

ACSACS

D3 D4

• 2 x four cavity cryomodule per beam
• 400 MHz
• 16 MV/beam
• Niobium on Copper cavities @4.5 K

LHC RF





Beam vacuum  ~10-10 mbar  (~3 million molecules/cm3)

LHC vacuum
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• Cold
– Pumping is insured by cold surfaces for all gases except helium. Low 

initial pressures are required before cool-down, and this is ensured by 
turbo molecular pumps etc.

• Warm
– Non-evaporable getter (NEG) provides most of the pumping capacity



Different approaches:

fixed target vs collider

Fixed target Storage ring/collider
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ISR
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Interaction point
with crossing angle

1971 to 1984, proton-proton, maximum centre of mass energy of 62 GeV



Gargamelle/PS
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1974: discovery of weak 

neutral currents



S. Van Der Meer CERN/ISR-PO/72-31

Lyn Evans – EDMS 993926
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With a mild push from friends and 

colleagues, Simon finally published 

the first internal note on stochastic 

cooling in 1972 (van der Meer 1972). 



The control room of the anti-proton 
accumulator (AA) in 1981
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1983: discovery of W+,W- and Z0 at the SPS   



LEP

18 million Zs

80,000 Ws



Electron and low intensity hadron accelerators



Some others
Fixed target

Lepton colliders

Hadron colliders



e+ on e- : 4 on 7 GeV – to produce a huge number of B mesons 



What seest thou else

In the dark backward and abysm of time?



…at the physics laboratory of  Leyden, 

helium was first liquified

Heike Kamerlingh Onnes

“Door meten tot weten”

To knowledge through 

measurement 
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10 July 1908



Discovery of  superconductivity
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On 8 April 1911, Kamerlingh Onnes found that at 4.2 K the resistance 

in a solid mercury wire immersed in liquid helium suddenly vanished. 



Fast forward to the LHC

– the superconductor
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Strand

Filament

Cable

Used 1200 tonnes/7600 km of cable

Niobium-titanium Rutherford cable



Critical surface of niobium-titanium
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• Niobium-titanium NbTi is the standard 
‘work horse’ of the superconducting 
magnet business 

• Picture shows the critical surface, 
which is the boundary between 
superconductivity and normal 
resistivity 

• Superconductivity prevails everywhere 
below the surface, resistance 
everywhere above it
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Main components – dipole 

magnets
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• Number of dipoles 1232
• Dipole field at 450 GeV 0.535 T
• Dipole field at 7 TeV 8.33 T
• Bending radius 2803.95 m
• Main Dipole Length  14.3 m

Horizontal force 

component per 

quadrant (nominal 

field) 1.7 MN/m

Force tends to “open” 

the magnet, hence the 

Austenitic steel collars
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September 19, 

2008

90 91 9795 969492 93 98 99 0503 040200 01 06 07 1008 09

April 2008
Last dipole down

First set of twin 1 m 

prototypes 

Over 9 T

SSC 

cancelled

June 2007 First sector cold

2002 String 2
November 2006
1232 delivered

Main contracts 

signed

1994 project 

approved by 

council (1-in-

2)

June 1994

first full scale prototype dipole

ECFA-CERN 

workshop
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Manufacturing of  superconducting coils

39Lyn Evans



Assembly of  dipole cold masses

40Lyn Evans



Cryogenic test benches
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Superfluid helium

• To produce the high magnetic fields we need very high 
currents…

• Make use of the remarkable properties of He II

• Superfluid helium:

– Very high thermal conductivity (3000 time high grade copper)
– Very low coefficient of viscosity… can penetrate tiny cracks, 

deep inside the magnet coils to absorb any generated heat.
– Very high heat capacity…stablizes small transient temperature 

fluctuations
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43Video 1’44’’



Phase diagram of Helium
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Cooling magnets with superfluid 

helium
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• 24 km of superconducting magnets @1.9 K

• 88 tons of superfluid helium at 1.9 K

CRYOGENICS
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Beam 

dumps

RF
Collimation

Collimation

1720 Power converters

> 9000 magnetic elements

7568 Quench detection systems  

1088 Beam position monitors

~4000 Beam loss monitors

150 tonnes helium, ~90 tonnes at 1.9 K

250 MJ stored beam energy in 2016

1.2 GJ magnetic energy per sector at 6.5 TeV

LHC: big, cold, high energy

Injection B2

Injection B1



Aim of the game

We want to deliver maximum number of 
collisions at the maximum beam energy for 
maximum physics reach





Lots of bunches



Luminosity

Number of potential collisions per unit area = 
N1N2

A



Squeeze

Beam 1

Beam 2

Focus beam down to very small sizes in the experiments
using quadrupole magnets 



Triplet

Video 58’’





A day in the life of the LHC

Beam dump

Ramp down/precycle

Injection

Ramp

Squeeze

Collide

Stable beams

Ramp down 35 mins

Injection ~30 mins

Ramp 17 mins

Squeeze 15 mins

Collide 1 min

Stable beams 0 – 20 hours

TURN AROUND TIME ~3 hours



2008 2009 2010 2011

LHC Run 1

September 10, 

2008
First beams around 

September 

19, 2008
Disaster 

Accidental 

release of 600 

MJ stored in one 

sector of LHC 

dipole magnets

August 2008
First injection test

August, 2011
2.3e33, 2.6 fb-1

1380 bunches

October 14 

2010
1e32

248 bunches

November 2010

IonsMarch 30, 

2010
First collisions at 

3.5 TeV

1380

June 28 2011
1380 bunches

November 29,  

2009
Beam back

2012

18 June, 2012
6.6 fb-1

to ATLAS & CMS

6 June, 2012
6.8e33

4 July, 2012
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http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394
http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394


September 10th 2008 



Restart 2009



First physics at 3.5 TeV – March 30 2010



We delivered 5.6 fb-1 to Atlas in 2011 and all we got 
was a blooming tee shirt





July 4th 2012: discovery of Higgs at the LHC





With a quadrillion collisions…



0.5 and 0.25 million dollar 

babies



Open heart surgery

Old splice



Run 2



2013 - 2015

13-14 Aug 14-Apr 15 2015

April ‘13 to Sep. ‘14

Dipole training campaign

1st B   E   A   M

5th April

3rd June

First Stable Beams

10th April

Beam at 6.5 TeV

28th October

Physics with record number of bunches

Peak luminosity 5 x 1033 cm-2s-1

Struggle IONS



2016 - Overcome a few problems
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WEASEL PS MAIN POWER 
SUPPLY

SPS BEAM DUMP
• Limited to 96 bunches per 

injection 
• Max. 2220 bunches per 

beam instead of  2750



Design luminosity reached
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2016 was huge!
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Linear Colliders

Centre of mass energy 500 

GeV

The Linear Collider Collaboration bring the ILC and CLIC together under one roof. 

Headed by former LHC Project Manager Lyn Evans…

ILC

CLIC – up to 3 TeV center of mass



ILC cryomodule
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Geneva

LHC

80 to 100 km FCC

FCC-hh 16 T 100 TeV

+ FCC-ee and FCC-he 

100 km
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John Ellis



Conclusion

We still live in  exciting times!

"Much more interesting to live no knowing than to have 

answers which might be wrong." Richard Feynman


