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Electrostatic accelerators

¢ 1920's: The electrostatic machines, then available, were far from
reaching the necessary voltage for performing the first man-
controlled splitting of the atom

* 1928: Gamov predicts tunnelling and perhaps 500 keV would
suffice:

Cockcroft & Walton start designing an 800 kV generator

« 1932: Generator reaches 700 kV and Cockcroft & Walton split
lithium atom with only 400 keV protons
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Electrostatic accelerators
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First ‘true’ accelerators

« 1924: Ising proposes time-varying fields across drift tubes
(resonant acceleration

« 1928: Wideroe demonstrates Ising's principle with a 1 MHz, 25 kV
oscillator to make 50 keV potassium ions.

« 1929: Lawrence, inspired by Wideroe and Ising, conceives the
cyclotron

« 1931: Livingston demonstrates the cyclotron by accelerating
hydrogen ions to 80 keV

« 1932: Lawrence's cyclotron produces 1.25 MeV protons and he
also splits the atom just a few weeks after Cockcroft and Walton



* The cyclotron, however, was limited in energy by relativistic effects

« The synchrocyclotron compensated for relativistic effects by varying the
frequency of the driving RF electric field as the particles' velocity begins to
approach the speed of light.
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Schematic cyclotron CERN'’s first accelerator: the synchrocyclotron



CERN'’s

accelerators




The Proton Synchrotron (PS)

e first accelerated protons on 24 November 1959

* The world's highest energy particle accelerator (for a brief
period)

* CERN’s first synchrotron

e 277 conventional (room-temperature) electromagnets, including 100
dipoles to bend the beams round the ring

* operates at up to 26 GeV
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e switched on for the first time on 17 June

The Super 1976
Proton * operates today at up to 450 GeV

h * 1983: Nobel-prize-winning discovery of W
Sync rotron and Z bosons (protons-anti-protons)

(SPS) * 1317 conventional (room-temperature)
electromagnets,744 dipoles



The Large Electron— \
Positron Collider (LEP)
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 circular collider with a circumference of 27
X\ SWITZERLAND kilometres built in a tunnel roughly 100 m
| underground

: » first beam circulated in the collider on 14 July 1989
3 [ 5:7

» For seven years, the accelerator operated at 100
GeV

2 * the most powerful circular lepton collider such ever
a built

 precise values for the mass of the Z boson and the
W boson

« provided a detailed study of the electroweak
interaction

CERN MEYRIN

« proved that there are three - and only three -
generations of particles of matter




Why the LHC?
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Why the LHC? \

* The Large Hadron Collider replaced
the Large Electron-Positron Collider
with the main purpose of reaching
significantly higher collision energies.

* The first collisions were achieved in
2010 at an energy of 3.5
teraelectronvolts (TeV) per beam, about
four times the previous world record.

* One of the main driving forces for
building the LHC was the possible
discovery of the Higgs boson.



First run (data taken 2009-201 3)
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Second run(2015-2018)

* 5 April 2015: New record energy of 6.5 TeV per proton was
achieved

« 20 May 2015: Protons collided in the LHC at the record-
breaking collision energy of 13 TeV

Third run(2022-present)



Conclusions

* The LHC was built to help scientists
answer key unresolved questions in
particle physics. It has already
answered some of them, and
continues to explore others.

* The success of the LHC owes much to
the lessons learned and technological
innovations developed through the
progression of earlier accelerators,
demonstrating the collaborative
evolution of accelerator science and
engineering




